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No.: 



The remains upon which this paper is based were discovered 
and collected by Mr. W. H. Utterback in the lower Jurassic, 
in the quarry long worked by the late Professor Marsh, and 
situated some eight miles north of Canyon City, Colorado. 



Haplocanthus prlscus, pen. et sp. now 

The type (No. 572, Carnegie Museum Collection) of this genus and 
species consists of the two posterior cervicals, ten dorsals, five sacrals 
with the ilia, ischia and pubes and the nineteen anterior caudals, two 
chevrons, a nearly complete series of ribs, and a femur, all in an excel- 
lent state of preservation. 

The present genus and species can be distinguished from the known 
genera and species of the Dinosauria by the following characters: Neural 
spines of posterior cervicals and anterior dorsals absolutely simple instead of 
deeply bifurcated as in all other known genera of the Sauropoda, Sacrum 
composed of five vertebrae firmly coossified by their centra and func- 
tioning as sacrals. Sacral ribs and di apophyses greatly expanded trans- 
versely so as to appear proportionally low and broad. Neural spines of 
sacrals very short, only moderately expanded transversely, the three 
anterior coossified forming a long bony plate. Pubes massive and united 
by an extended cartilaginous pubic symphysis which is interrupted 
l— Pkoc. Biol. Soc. Wash, you XVI, 1903. (1) 
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medially by an elongated foramen. Pubic foramen largo and situated 
some distance from the supero-internal border of the bone. Neural 
arches in dorsal vertebrae extremely high as compared with depth of 
centra or height of neural spines. Cervicals strongly opisthoccelus, and 
dorsals only moderately so and becoming almost platyctelus in the pos- 
terior dorsal region. Transverse processes of dorsal vertebrae extending 
obliquely upward and outward from summits of neural arches. Caudal 
centra short and somewhat amphicoclous with neural spines simple, low, 
and much compressed. Transverse processes of caudals each consisting 
of a simple, slender process which in the anterior caudal springs from 
the side of the neural arch. Posteriorly the transverse processes rapidly 
decrease in size and assume a more inferior posit ion, so that in the twelfth 
caudal they are reduced to a rounded knob of bone on the side of the 
centrum, and in the succeeding caudals they have disappeared altogether. 
The centra of the anterior caudals are subcircular in outline, but in the 
posterior caudals the vertical diameter much exceeds the transverse. 

The femur is rather longer than one might expect, considering the 
size and proportions of the individual vertebrae, but does not differ 
materially from that bone in other genera of the Sauropoda. 

Haploeanthus may be regarded as the most generalized member of the 
Sauropoda yet discovered in America. That it is a member of the 
Sauropoda is clearly shown by the structure of the pelvis and by 
the characters exhibited by the cervical, dorsal and caudal vertebrae. 
The comparatively simple structure of the individual vertebrae from the 
various regions of the spinal column form a striking contrast to that 
complicated system of laminae and buttresses found in the vertebrae of 
Diplodocua, Brontosaurut, iforosaurus, and other Sauropods, and indicates 
that Haploeanthus was a more primitive form than any of the latter 
genera. Its affinities are clearly with the Morotaurida and in size it is 
comparable with the smaller forms of Morosaurus. Its principal skeletal 
features will be fully described and illustrated in a forthcoming Memoir 
of the Carnegie Museum. 
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[Reprinted from Science, N. 8., Vol. XVII. , No. 
W, Pages 471-472, March SO, 1903.] 



THE JUDITH RIVER BEDS. 

The reader of Professor Osborn's recent 
note in Science on the * Age of the Typical 
Judith River Beds' would be led to infer 
that I had either denied or questioned the 
Upper Cretaceous age of these beds. Since 
this note places me in an entirely false posi- 
tion on this question, I wish to offer the fol- 
lowing brief remarks by way of explanation. 

1. I have never even so much as questioned 
the Upper Cretaceous age of the Judith River 
beds. The point I raised was as to their 
stratigraphic position within the Upper Cre- 
taceous relative to the Pierre. 

2. Osborn's statement that since Cope, 
Cross, White and Dana have referred these 
beds to the Upper Cretaceous, they therefore 
overlie the Pierre is unwarranted, since these 
authorities and American geologists generally 
have heretofore included everything from the 
Dakota to the Laramie in the Upper Creta- 
ceous. Would Professor Osborn place the 
Dakota, Benton and Niobrara above the Pierre 
because those same authorities have referred 
these deposits to the Upper Cretaceous? 

3. All who are familiar with the literature 
on this subject know that the Judith River 
beds have been referred to different ages by 
Hayden, Meek, Leidy, Cope, Marsh, White, 
Stanton, Cross, Lesquereux, Newberry and 
others, varying from Lower Tertiary on the 
one hand, to Lower Cretaceous or Upper Jur- 
assic (Wealden) on the other, and that, there- 
fore, Osborn has not 'abundant authority for 
the statement that among geologists of the 
United States there has never been any ques- 
tion as to the Laramie or Upper Cretaceous 
age of the typical Judith River Beds.' 



4. Since Hayden's stratigraphical observa- 
tions near the mouth of Little Rocky Moun- 
tain Creek do not harmonize with the paleon- 
tological correlations of Drs. White and Stan- 
ton at the mouth of the Judith River, and 
since no one has ever revisited the first lo- 
cality and reversed Hayden's determinations 
by a reexamination of the stratigraphy, I be- 
lieve the exact stratigraphic position of the 
Judith River beds remains unsettled and that 
it is premature to assert that ' the true Judith 
River beds certainly overlie the Ft. Pierre 
and are of more recent age,' although this is 
now very generally believed and may event- 
ually prove to be the case. 

J. B. Hatcher. 



[From The American Journal of Science, Vol. XV, June, 1903.] 



L'AGE DES FORMATIONS SEJDIMENTAIRES 

DE PATAGONIE. 

By Florentino Ameghino. 



J. B. Hatcher. 
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[From the American Journal op Science, Vol. XV, June, 1903.] 



5. JJ Age Des Formations Sedimentaires de Patagonie; by 
Florkntino Ameghino. "Annals Soc. Cientif. Argentina," L 
and LIV, pp. 3-231, Buenos Aires, 1903. — It is not my intention 
to review this rather lengthy paper, the exact nature of the con- 
tents of which is scarcely intimated by the title. Nor does Dr. 
Ameghino's declaration on page 5 that " C'est une discussion 
exclusivement scientifique que ja vais tacher d'examiner en con- 
science et sans ancun prejuge," seem to have been kept con- 
stantly in mind throughout the succeeding 225 pages. The 
entire paper is devoted almost exclusively to a critical review of 
the literature of various authors upon the geology and paleontology 
of Patagonia, and the amount of space allotted to the three or 
four brief preliminary papers published by myself (this Journal, 
iv, 240-248; 327-354; ix, 85-108) is such that I ought certainly 
to feel flattered by the attention bestowed upon my work in 
Patagonia by Dr. Ameghino; the learned director of the National 
Museum at Buenos Aires. However, for the benefit of those who 
may not have access to Dr. Ameghino's paper, it is only proper 
for me to state in this connection that Dr. Ameghino's estimation 
of the value of my work in Patagonia is in inverse proportion to 
the space he has devoted to its criticism. 

As to those matters relating purely to the geology and paleon- 
tology of Patagonia, wherein we differ, I shall have nothing to 
say at present. Having already stated my opinions and 
given in some detail my reasons therefor in my preliminary 
papers, I am content to await the publication of my final report 
on the geology of that region for a further elucidation of my 
views. In the meantime I must refer those interested in these 
questions to such of my publications as have already appeared, 
where they will find all important localities mentioned by me 
designated and described with such detail that they may be 
revisited and re-examined. I am so far from considering myself 
as infallible that I have always taken the precaution to preserve 
and publish detailed descriptions of all important localities in 
such manner that they mav be easily revisited and identified by 
subsequent investigators. I shall always respect the opinion of 
any really competent observer, who revisits and re-examines any 
of the localities visited by me in Patagonia, regardless of whether 
his interpretation of the facts there displayed do or do not agree 
with those of myself. I do, however, believe that geology as a 
science is somewhat different from astronomy, and that it can 
only properly be studied at close range and not from a distance. 
Even so capable a man as Dr. Ameghino should, I believe, find 

Am. Jour. Sci.— Fourth Series, Vol. XV, No. 90.— June, 1903. 
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some difficulty in carefully determining the exact sequence of 
strata in Patagonia from the window of his study, situated in 
La Plata or Buenos Aires. Nor can I agree with Dr. Ameghino 
that he has satisfactorily answered my appeal to him for the pub- 
lication of more exact localities by the reply given on page 8, that 
"Les recherches de C. Ameghino ont et£ faites a raes frais, pour 
mon instruction personelle et au profit de la science. Je n'avais 
pas ^obligation de faire des rapports detailles. Pai toujours 
tenu a donner des resumes des recherches geologiques de mon 
frere a fin que l'on put se rend re compte de la succession des 
fannes que je decrivais; mais jeji'ai pas eu l'intention, et je n'en 
avais pas non plus Pobligation, dc rediger un guide avec les 
instructions necessaires pour la recolto de fossiles." 

I think those who are acquainted with me or my work will 
grant that I am fairly competent, as a collector of vertebrate and 
other fossils, and not one of the main' who have applied to me in 
years past for localities will say that I did not at all times give 
them free and full information, nor in doing so have I ever con- 
sidered that I was acting as a guide. I had no idea, when, on my 
first visit to Dr. Ameghino, he refrained from indicating to me on 
a map spread before him the location and distribution of his 
Pyrotherium beds, that he entertained the really childish ideas 
which seem to have inspired the lines quoted above, or I should 
never have urged his brother Charles when we were together at 
Santa Cruz in the winter of 1898, to join me in an expedition the 
following season to re-examine together the different Tertiary 
and Cretaceous horizons of Patagonia. Dr. Ameghino's remarks, 
just quoted, fully explain to me the reason why his brother, after 
fully agreeing with me as to the desirability of such a joint 
expedition and setting a time and place for our meeting the fol- 
lowing spring to undertake the same, shortly after his return to 
La Plata wrote me that it would be impossible for him to keep 
the engagement, and that I must not wait for him to join me. 

Since on page 18 of his paper Dr. Ameghino attacks my integ- 
rity and seems to infer that I have not acted in good faith in 
quoting the remarks of his brother relating to the manner in 
which he (Charles) had really found the mammalian and dino- 
saurian faunas of the Pyrotherium and Guaranitic beds, I hope I 
may be pardoned for a few brief remarks in defense of my posi- 
tion. After quoting me at some length Dr. Ameghino continues 
as follows: "Je repousse cette forme de discussion que, et j'en 
demande pardon a M. Hatcher, ne me parait pas trop correcte; il 
a supris la bonne foi de mon fre-re en lui raccontant que j'ai dit, 
ce qu'en verite je n'ai jamais dit. C'est tout clair: il a demand^ 
a Charles s'il avait trouve des debris dc mammif&res associes a 
ceux de Dinosauriens, et il lui repondit, non. Si en place de cela, 
il lui aurait demande s'il avait trouve des debris de mammiferes 
dans la m&uie formation qui contient des os de Dinosauriens, cer- 
tainement il lui aurait repondu, oui. Pourrait-il M. Hatcher 
m'indiquer, ou, dans quel ouvrage, et a quelle page j'ai dit que C. 
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Ameghino a trouve des os de mammiferes associes a des os de 
Dinosauriens? Nulle part ! La traduction de Particle dont parle 
M. Hatcher est parfaitetnent correcte, mais la traduction que lui 
en a donne a mon fi6re, qui ne lit pas Panglais, est complement 
inexacte. Dans Particle dont lui fait mention, tout ce qu'a ce 
sujet je dis, c'est: "That this formation is secondary, is clearly- 
indicated by the Dinosaurs; on the other hand, as its upper beds 
pass insensibly into another formation, which contains numerous 
remains of mammals, it cannot be doubted that the sandstones 
with Dinosaurs belong to the upper Cretaceous." 

" In Patagonia the beds with remains of Dinosaurs pass insen- 
sibly into other beds with numerous remains of mammals, par- 
ticularly of ungulates, which circumstance proves that the red 
sandstones ought to be referred to the Upper Cretaceous." 

It will be noticed that Dr. Ameghino does not accuse me of 
misquoting his brother's remarks to me. He also admits that the 
translation in the Geological Magazine of the article referred to 
is perfectly correct, but claims that my translation of it to his 
brother was completely incorrect. lie denies ever having stated 
that C. Ameghino had found the bones of mammals associated 
with the bones of Dinosaurs and calls upon me to indicate in 
what work and on what page he has said this, closing with the 
exclamation, Nulle part ! (No where). Now if Dr. Ameghino 
will but turn to page 10 of his "Notes on the Geology and 
Paleontology of Argentina'''* (the same article from which he 
quotes) as translated and published in the Geological Magazine 
for January 1897, which translation, he tells us, is perfectly cor- 
rect, commencing with the tirst paragraph from the bottom he 
will find the following sentences: "I rely on the fact that these 
beds with remains of Pyrotherium everywhere accompany the red 
sandstones with remains of Dinosaurs, so that it has not hitherto 
been possible to separate them in an absolute manner. These 
sandstones in certain places exhibit nothing but bones of Dino- 
saurs ; in others they show only remains of mammals and smaller 
reptiles of types not yet determined ; while at other point* all 
these remains are shoion mixed together (italics mine), at least to 
all appearance, always accompanied by a great quantity of 
silicified wood." From this I think my readers will agree with 
me that the two short paragraphs quoted by Dr. Ameghino were 
not quite all that he said on this subject in that paper, and that I 
was fully justified in asking Charles Ameghino if he had found 
the remains of mammals associated with those of Dinosaurs, 
more especially since Dr. Ameghino has himself never seen any 
portion of Patagonia, and all that he has written on that country 
is based upon the observations of others and chiefly on those of 
his brother. 

The same methods as those just shown are pursued throughout 
the entire paper, which abounds in quotations so adroitly made 
as to destroy the original meanings of the context, by sub- 
stituting others never intended or implied by the various 
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authors criticised. Nor is this to be wondered at, for if Dr. 
Ameghino is so unfamiliar with his own published statements 
as to make the errors cited above, he can scarcely be expected to 
familiarize himself with the work of others. He affirms that I 
have never seen the Pyrotherium beds, and reproaches me, there- 
fore, for having said anything about them, notwithstanding the 
fact that his brother Charles distinctly stated to me that certain 
deposits on the upper Rio Shehuen, with which I am acquainted, 
pertain to these beds. Not having myself found any characteris- 
tic fossils in these deposits, I relied entirely upon the determina- 
tions of Charles Ameghino as to their identity, and I still have 
no good reason for doubting the correctness of his determinations, 
but every reason for doubting the age ascribed to them by Dr. 
Florentino Ameghino. 

Again, in speaking of the lakes of Patagonia, Dr. Ameghino 
reproaches me, and not without some reason, for venturing to 
say anything concerning Lakes Colhue and Musters, neither of 
which I have ever seen. This fact, one would infer, is in Dr. 
Ameghino's opinion sufficient reason why I should have remained 
silent. Indeed I am half inclined to agree with Dr. Ameghino 
in this matter, and I only wonder why it has never occurred to 
him to apply the same rule of stricture to his own publications, 
for I fully realize the confusion that might thereby have been 
avoided concerning the geology of Patagonia, a country he has 



never visited. 



J. B. HATCHElt. 
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RELATIVE AGE OF THE LANCE CREEK (CERA- 
TOPS) BEDS OF CONVERSE COUNTY, 
WYOMING, THE JUDITH RIVER BEDS 
OF MONTANA AND THE BELLY 
RIVER BEDS OF CANADA. 



BY J. B. HATCHER, CARNEGIE MUSEUM, PITTSBUR( 



From the American Geologist, June, 1903. 



\From tile American Geologist Vol. XXXI, June, 1903. \ 



RELATIVE AGE OF THE LANCE CREEK* (CERA- 
TOPS) BEDS OF CONVERSE COUNTY, 
WYOMING, THE JUDITH RIVER BEDS 
OF MONTANA AND THE BELLY 
RIVER BEDS OF CANADA. 

By J. B. Hatchkk, Carnegie Museum. Pittsburg, Pa. 

In their memoir entitled "On Vertebrata of the Mid-Creta- 
ccons of the Northwest Territory," published as Part II, Vol. 
Ill, of "Contributions to Canadian Paleontology" (Ottawa, 
September, 1902), professors H. V. Osborn and L. M. Lambe 
have made an important addition to our knowledge of the ver- 
tebrate fauna of the Belly River beds. Many new species of 
fishes, batrachians, turtles, crocodiles, dinosaurs and mammals 
have been described and illustrated with most excellent figures. 

* The name Ceratops beds cannot be used for these Wyoming deposits, 
and I give to them the above name, from the principal stream in the region 
where they are best represented in Converse county. Wyoming. 
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While this publication forms a welcome addition to the 
literature on American fossil vertebrates, not the least in- 
teresting portion of it is that by professor Osborn on the 
"Distinctive characters of the Mid-Cretaceous Fauna," and the 
introductory remarks of professor Lambe referring to the strat- 
igraphy and geology of the beds and region from which the 
material described by him was obtained. 

Professor Osborn opens his discussion with the remark that 
"the determination by the Canadian Survey of a Mid- Cretace- 
ous and fresh-water fauna, including fishes, batrachians, rep- 
tiles and mammals, is a forward step of great importance in 
vertebrate paleontology." He points out that the survey has 
established beyond question on stratigraphical evidence the fact 
that the Belly River beds underlie the Montana or Pierre-Fox 
Hills group. lie next points out the similarity in character be- 
tween the faunas of the Belly River beds of Canada and the 
Judith River beds of Montana, notices the more primitive na- 
ture of the faunas of both these series of deposits when com- 
pared with that of the Lance Creek (Ceratops) beds of Con- 
verse county, Wyoming, and arrives at the conclusion that "the 
fossil vertebrates hitherto described from Montana probably 
are, in part at least, of Mid-Cretaceous of Belly River age." 
This is a very notable and to my mind very proper conclusion, 
considering the fact that it was based entirely upon paleontolog- 
ical evidence, its author believing at that time that such strati- 
graphical evidences as did exist were directly opposed to such 
a conclusion, stating that "the geological records all place the 
Judith River beds proper above the Fox Hills and Fort Pierre." 
The present writer has since called attention to the fact that the 
exact stratigraphic position of the Judith River beds relative to 
the Fort Pierre and Fox Hills is yet to be definitely determ- 
ined,* and that there is at present not a little evidence in favor 
of their lowermost members occupying a position below the 
Pierre which would favor the correlating of that portion of 
them with the Belly River series, as was originally proposed by 
Dr. G. M. Dawson. 

I am aware that the late professor Cope regarded the Jud- 
ith River beds as overlying the Fox Hills and stated (p. 569, 
Bull. T. S. G. and Geogr. S. Terrs., Vol. III.) that "In the 

* Science, X. S , vol. xvi, pp. SH1-832. 
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Judith region the relations of the Fox Hills sandstones to the 
superincumbent strata is everywhere observable." After a per- 
sonal examination of this region, however, I am convinced 
that the actual stratigraphy is not as simple as the text and 
published sections of Cope would indicate. Moreover he him- 
self mentions the finding of dinosaur remains and Fox Hills 
invertebrates in the same stratum in this icgion. 

Osborn points out the fact that, while the Kelly River and 
Judith River faunas include many identical species, there is 
very little in common between them and the Lance Creek beds 
of Converse county, Wyoming. He recognizes in the material 
from the Montana (Judith River) beds, types which are older 
than the Laramie, and suggests some confusion in the collec- 
tions and that several horizons may be represented in collec- 
tions that have generally been referred to the Judith River 
beds. The entire discussion of this question is, in every sense, 
admirable and one cannot help appreciating the methods by 
which he has arrived at what seems a correct solution of the 
problem in spite of what may prove to be somewhat erroneous 
ideas as to stratigraphy. It is a clear vindication of the per- 
fectly trustworthy nature of the evidences furnished by cer- 
tain classes of fossil vertebrates for purposes of correlation. 

After this very decided advance toward a satisfactory ad- 
justment of the Laramie imbroglio it is with somewhat differ- 
ent feelings that one turns to a recent note in Science by Dr. 
S. W. Williston, entitled "The Laramie Cretaceous of Wyom- 
ing."* After noting professor Osborn *s conclusion that a 
portion at least of the Montana deposits previously referred to 
the Laramie may really be M id-Cretaceous f in age and contem- 
porary with the Belly River beds, and a similar opinion pre- 
viously expressed by the present writer, Dr. Williston says: 
"The Laramie deposits of Converse county, Wyoming, have 
usually been placed at the end (close) of the Fox Hills, but I 
am somewhat skeptical of this. I believe that future research 
will show that not only the Judith River beds, but also those of 
Wyoming, will be found to be contemporary, in part at least, 
with the Fox Hills deposits, and that they arc not separated 
by so great an interval from these other (which other?) dc- 

• Science, N. S., vol. xvi. pp. 952-953. 

t By Mid-Cretaceous I do not mean Middle Cretaceous, but as being under- 
lain and overlain by deposits clearly pertaining; to the Cretaceous. 
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posits which have hitherto been supposed to be contemporan- 
eous. 

"This conclusion I base largely upon the fauna of the Wy- 
oming beds, which present, in some respects at least, a startling 
resemblance to that of both the Judith River and Belly River 
series. 

"Not only a number of genera, but also a number of spec- 
ies previously described from Montana and now recognized by 
Lambe in the Belly River deposits, occur here in the supposed 
later deposits of Wyoming. It would seem almost incredible 
that so many of these should have persisted unchanged through 
the long interval represented by so many thousand (!!!) feet 
of Fox Hills deposits, to say nothing of the Fort Pierre." 

Dr. Williston also calls attention to the fact that the late 
professor Marsh made no mention of a number of interesting 
fossils from the Laramie of Converse county, Wyoming, which 
must have been known to him, and infers from this that Marsh 
believed them identical with others already described from the 
Judith River beds which he believed of equivalent age. Among 
such forms Williston mentions as occurring in the collections 
from the Converse County Laramie, now in the museums of 
Chicago University and of the University of Kansas, the fol- 
lowing, which he is unable to distinguish either generically or 
specifically from the Judith River and Belly River forms : 

Myledaphus bipartitus Cope, represented by isolated teeth. 

Accipcnser (sic) albert ensis Lambe, represented by frag- 
ments of shield. 

Lepidosteus (Lepidotus) occidentalis Leidy, represented by 
detached scutes. 

Crocodilus Jiumilis leidy, detached teeth, scutes and isolated 
vertebrae. 

Scapherpeton tectum Cope, scattered vertebrae and mandib- 
ular fragments. 

Champsosarus, Cope, scattered vertebra?. 

Aublysodon cxplanatus Cope, detached teeth. 

Paleoscincus asper Lambe, detached teeth. 

Baena hatcfycri Hay, carapace and plastron. 

With this general statement as to Dr. Williston's views re- 
garding the actual and relative ages of the Lance Creek (Cer- 
atops) beds, Judith River and Belly River beds, let us proceed 
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to examine a little more in detail the reasons he has assigned 
for his opinions. 

First, as to the doubt which he expresses as to the strati- 
graphical position of the Laramie beds of Converse county, 
Wyoming, being at the end (close) of the Fox Hills. I am 
somewhat surprised at this expression of doubt on the part of 
Dr. Williston regarding the actual position relative to the Fox 
Hills of these beds in Converse county since I am well aware 
of his ability as an observer and of the fact that he himself at 
one time passed several weeks collecting from these beds, and 
that he should, therefore, be familiar with the stratigraphy of 
the region. Since I myself passed nearly four full years in 
collecting from these beds I may perhaps presume to speak 
with some authority on this subject. I have already described* 
the stratigraphy and sequence of the various formations of this 
region, and need only remark here that many good sections ex- 
ist and have been examined by the writer, commencing below 
with the Fort Pierre and continuing upward through the Fox 
Hills and the overlying Laramie, and on up into the Fort Un- 
ion beds. The sequence and relative positions of the various 
horizons are extremely simple, the region being one which has 
undergone little disturbance either since or during the depos- 
ition of the beds, so that there is nowhere in the entire region 
any obscurity as to the proper sequence of strata due either to 
alternating marine and fresh-water conditions or to faults, 
overthrusts or other disturbances or dislocations in the beds. 
That these beds conformably overlie the Fox Hills in this reg- 
ion has been stated by the present writer in the publication just 
mentioned, and this statement has been abundantly corrobor- 
ated by the investigations of doctors T. W. Stay ton and F. II. 
Knowlton.f 

Next as to the "startling resemblance" which Dr. Williston 
believes to exist between the fauna of the Wyoming beds and 
those of both the Judith River and the Belly River beds, and 
which he thinks could not have resulted from, the Wyoming 
fauna's having persisted "through the long interval represent- 
ed by so many thousand feet (!!) of Fox Hills deposits, not 
to mention the Fort Pierre." Where, I should like to ask, does 

• Am. Journ. Sci., vol. xlv, pp. 135-1+4. Feb., 1893. 
t Bull. Geol. Soc. Am., vol. viii, pp. 128-137. 
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Dr. Williston find any such thickness given for the Fox Hills 
as that which he mentions here? Even the thickness of 3000 
to 4000 feet at one time ascribed to it by King is now known 
to be much too great, the real thickness scarcely, if at all, ex- 
ceeding 500 feet. Perhaps if he reduces the thickness of these 
beds to their usually ascribed limits the persistence of certain 
types of animals will not then seem so "incredible" as he had 
at first supposed ; although I do not for a moment wish to be 
understood as accepting the evidence brought forward by Dr. 
Williston from the fossils as of anything like the importance 
which he attaches to it. 

Such paleontological evidence as he does present in support 
of his position is, to my mind, largely invalidated by two very 
grave objections. First of these is the fact that, as stated by 
Williston, in almost every instance the genera and species 
enumerated are represented by only fragmentary and isolated 
material, and hence their generic or specific identity cannot be 
determined with certainty. Second, several of the forms men- 
tioned like Bacna, Lepidotus, Acipenscr, etc., pertain to per- 
sistent types which, even if their specific identity were not 
questionable, would still be of very little value for purposes of 
correlation. 

Dr. Williston's inference that professor Marsh neglected 
to mention certain forms from Wyoming because he consid- 
ered them identical with others already known from Montana 
is, I think, more logically explained by the very fragmentary 
nature of the remains and Marsh's well known aversion to 
dealing with fragmentary or relatively unimportant material 
and seeking after the ''choicest plums," as he used frequently 
to express it. It is noticeable that in almost every instance in 
which he did treat of related forms from the Wyoming and 
Judith River Reds he considered them as both generically and 
specifically distinct ; note, for example, the different forms of 
the Ceratopsidae and Trachontidae (Claosauridac) described 
by him. 

While there is, at present, some doubt as to the exact strat- 
igraphic position, of the Judith River beds of Montana, it 
would seem that no such statement can be made as to the Belly 
River beds of Canada or the Laramie (Lance Creek) beds of 
Converse county, Wyoming. The stratigraphical position of 
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the former, it appears, has been definitely proven to be beneath 
the Fort Pierre and above the Benton, while that of the Con- 
verse county Laramie has been just as certainly shown to be 
above the Fox Hills and below the Fort Union. These are 
facts which cannot be ignored or set aside, and if they are not 
found to coincide with the previously formulated ideas of pale- 
ontologists, the error would seem to lie with the latter and not 
with the stratigraphy. In all such cases the sooner the paleon- 
tologist brings his theories into harmony with the facts of 
stratigraphy the better, for no amount of speculative correla- 
tion no matter how complete the material upon which it is 
based, and in this case the material is extremely fragmentary 
and unreliable, can upset exact stratigraphical determinations. 
Osborn and Lambe have shown conclusively that the fauna of 
the Belly River beds at least is decidedly more primitive than v 
that of the Converse County beds of Wyoming, thus showing « 
that the paleontological and stratigraphical evidences are in 
accord. They have also practically demonstrated what the 
present writer had for some years maintained, namely, that a 
portion of the Judith River beds at least are also older than 
the Wyoming beds. Their work, together with that of Doug- 
lass in central Montana, has furnished us with a key to the 
solution of the problem relating to the Laramie and earlier 
fresh- and brackish-water deposits of the Cretaceous of the 
west. Let us hope that in the not too distant future we may 
be able to fix with equal certainty the upper and lower limits 
of the Judith River beds, or perhaps differentiate them into two 
or more horizons such as it docs not now seem impossible that 
they may contain, and definitely fix the limits and age of each. 
Carnegie Museum, Pittsburg, Pa., 
December 15, 1902. 
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4S0, Paget tll-tlS, August U, 1903.] 



THE STRATIGRAPHIC POSITION OP THE JUDITH 
RIVER BEDS AND THEIR CORRELATION WITH 
THE BELLY RIVER BEDS * 

The readers of Science will recall that dur- 
ing last winter and spring a discussion was 
carried on in its pages concerning the age 
and relationships of the formations mentioned 
in the title of this note. This discussion, 
which was provoked by the publication of 
Osborn and Lamb's paper on the vertebrate 
fossils of the Belly River beds, was partici- 
pated in by Messrs. Hatcher, Stanton, Osborn 
and Williston. 

Since June 1 the undersigned have been 
engaged in an investigation of this subject 
in the field, and have reached some definite 
conclusions which are deemed worthy of 
prompt publication. Our field studies were 
begun on Milk River at Havre, Montana, and 
we examined the excellent exposures along 
that stream to the International Boundary, 
and beyond to Pendant d'Oreille Police Bar- 
racks, which is near one of Dawson's described 
localities, where the base of the Belly River 
beds is seen resting on the marine 'lower 
dark shales/ This is near Lake Pakowki of 
the maps, locally known as 'Badwater Lake.' 
We also examined the exposures of upper 
Belly River beds showing contact with the 
overlying ' Pierre shales ' on Sage Creek, Can- 
ada, as described by Dawson and McConnell 
and continued our observations as far north 

* Published by permission of the Director, 
United States Geological Survey. 
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as the Cypress Hills, where the top of the 
overlying marine Cretaceous is seen. Pass- 
ing down Milk River below Havre and around 
the eastern end of the Bearpaw Mountains 
to Cow Creek and the Missouri River at Cow 
Island and thence up to Dog Creek, Judith, 
and Eagle Creek, Montana, we have studied 
the typical areas of the Judith River beds 
described by Meek and Hayden, and of the 
Eagle formation described by Weed. 

We have become fully convinced that the 
Belly River beds are identical with the Judith 
River beds, as Dawson long ago suggested. 
Our conclusion is based on lithologic char- 
acter, stratigraphic sequence, the vertebrate 
and invertebrate faunas of the beds them- 
selves, as well as on the paleontology of the 
underlying and overlying beds in both Canada 
and Montana. We hope to present the evi- 
dence in full in a more formal paper within 
a few months. 

Another important result of our work is 
the determination of the exact position which 
these beds occupy in the general Upper Cre- 
taceous section of the west. For many years 
the Judith River beds have been generally 
assigned to the top of the Cretaceous and cor- 
related with the Laramie, while the Belly 
River beds have been generally placed near 
the middle of the Upper Cretaceous, above 
the Benton and beneath the Pierre, though 
Dawson did not assert that they underlie all 
of the Pierre. We have found that the Judith 
River beds underlie about 600 feet of beds 
with the lithologic character and fauna of the 
Pierre, and that beneath them there is an 
equal thickness of marine beds that must also 
be correlated with the Pierre on account of 
the faunas they contain. Many of the in- 
vertebrate species from the beds underlying 
the Judith River have been described and 



figured as * Fox Kills * species and supposed to 
come from beds overlying all of the Pierre. 

On account of the differentiation of the 
beds representing the Pierre in this region 
into several formations, it is necessary to give 
new names to two of them which have not 
been previously recognized. For the dark 
clay shales with many calcareous concretions 
immediately overlying the Judith Kiver beds 
we propose the name Bearpaw shales, since 
they are well developed around the northern, 
eastern and southern borders of the Bearpaw 
Mountains. They have the lithologic and 
faunal characters of the typical Pierre but 
represent only a fraction of that formation 
as generally understood. 

Beneath the light-colored, mostly non-ma- 
rine Judith River beds is another formation, 
400 feet in thickness, which in its lower half 
resembles the Bearpaw shales and yields a 
few of the same species of fossils. Its upper 
200 feet, however, contain several sandstone 
beds which bear a fauna that has hitherto 
been called * Fox Hills.* We propose the 
name Claggett formation for these shales and 
sandstones underlying the Judith River beds. 
It is named for old Fort Claggett at the 
mouth of Judith River, in the neighborhood 
of which the formation is well developed. 

Beneath the Claggett is the Eagle forma- 
tion (named by Weed in the Fort Benton 
folio, Geologic Atlas of the U. S.) consisting 
of several heavy beds of coarse, light-colored 
sandstone, with clay shales and lignite, and 
having a total thickness of 250 to 350 feet. 
This also yields a marine fauna that has been 
referred to the 'Fox Hills ' and is certainly 
more recent than any Benton or Niobrara 
fauna. 

The Eagle formation rests on dark shales, 
which are known to include the Benton and 
probably the equivalent of the Niobrara. 
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The section may be summarized and com- 
pared with the sections in South Dakota, 
Colorado and elsewhere as follows: 



Bearpaw shales 600 

Judith River beds 500-600 

Claggett formation 400 

formation 250-300 



Pierre 



10 rara }. Colorado shales. 
Benton J 

J. B. Hatcher. 
T. W. Stanton. 

Judith, Montana, 
July 11, 1903. 
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II. DISCOVERY OF REMAINS OF ASTRODON 
(PLEUROCCELUS) IN THE ATLANTO- 
SAURUS BEDS OF WYOMING. 
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II. DISCOVERY OF REMAINS OF ASTRODON (PLEUROCCE- 
LUS) IN THE ATLANTOSAURUS BEDS OF 

WYOMING. 



Bv J. B. Hatcher. 

While engaged during the season of 1901 in collecting dinosaur 
remains in the Atlantosaurus beds on Sheep Creek, Albany Co., Wyo- 
ming, Mr. C. W. Gilmore discovered two vertebral centra (No. 578), 
which I am unable to distinguish either generically or specifically from 
those described and figured by the late Professor Marsh as pertaining 
to Pleuroccelus nanus, which, as will be shown later, should be re- 
garded as a synonym of A strode n johnstoni Leidy. 




Figs, i and 2. Cervical centrum of Ast radon johnstoni Leidy, seen from left 
side and above ; one half natural size. (No. 578. ) 

One of these centra, lateral and superior views of which are shown 
in Figs. 1 and 2, I regard as pertaining to a posterior cervical. Its 
sides are deeply excavated in such manner that the body of the cen- 
trum is reduced throughout its middle region to superior and inferior 
horizontal plates connected by a thin median vertical lamina. The 
neural canal was small and much constricted medially. The centrum 
is strongly opisthoccelous and the transverse diameter is greater than 
the perpendicular. It agrees almost perfectly in size and general 
characters with the cervical centrum of Astrodon (P/euroca'/us) nanus 
figured by Marsh in his Dinosaurs of North America 1 , except that in 

• Sixteenth Ann. Rep. U. S. G. S., Pt. I, PL XL. 

0 



Digitized by Google 



10 



Annaus of the Carnegie Museum. 



the present specimen the facet for the cervical rib is broken away, 
thus giving to this region a somewhat different aspect. 

The centrum shown in Figs. 3 and 4 I regard as pertaining to the 
last dorsal. The posterior extremity is moderately concave, and the 
anterior slightly so. The lateral cavities are deep, though not so pro- 
nounced as in the cervical ; that on the left side is decidedly deeper 
than the one on the right. The neural canal was much larger than in 
the cervical and at about its middle th'ere is a deep pit giving origin to 
two small foramina which no doubt served for the transmission of 
nutrient blood vessels to the interior of the bone. The vertebral cen- 




FlCS. 3 and 4. Centrum of last ? dorsal seen from left side and above. ( No. 
578.) One half natural size. 

trum described by Marsh as a posterior dorsal and figured in plate XL. , 
Figs. 4 and 5, of his Dinosaurs of North America, in reality pertained 
to an anterior dorsal, as is evidenced by its strongly opisthoccelian 
character and the more extended pleurocentral cavities, while the 
dorsal centrum figured in the text as pertaining to Pleurocivlus was 
from the mid-dorsal region, as is evidenced by its less decided opistho- 
•ccelian nature and smaller lateral cavities. 

In Figs. 5 and 6 are shown lateral and superior views of a posterior 
•caudal centrum, pertaining to about the same region as that figured by 
Marsh in plate XL., figs. 8 and 9, of his Dinosaurs of North America, 
from a specimen found in the Potomac beds of Maryland. The pres- 
ent specimen was found by Mr. Gilmore in the Atlantosaurus beds, on 
Sheep Creek, Wyo., but in a different quarry from that which furnished 
the dorsal and cervical centra figured above. 
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A careful comparison of these remains with those figured by Marsh 
as pertaining to Pleurocoelus nanus, based on material discovered by 
the present writer in the Potomac beds of Maryland, will, I think, show 
it to be quite impossible to definitely distinguish these remains either 
generically or specifically from the latter. The same may be said of 

Figs. 5 and 6. lateral and superior views of centrum of distal caudal. (No. 
585. ) One half natural size. 

the material upon which was based Marsh's description of Pleuroccelus 
montanus. These western forms may, however, be specifically distinct 
from the Maryland species. 

Synonymy of Pleuroccelus nanus Marsh and Astrodon 

johnstoni leidy. 

It now remains to discuss the synonymy of the above-mentioned 
genera and species. 

The generic name of Astrodon was given without description in the 
American Journal of Dental Science, 1859, by Dr. Christopher Johns- 
ton to oertain reptilian teeth obtained by a Mr. Tyson from a bed of 
iron ore near Bladensburg, Maryland. 

In 1865,* as Astrodon johnstoni, Dr. Leidy fully described and fig- 
ured these teeth, thus placing the genus on a valid foundation. A 
comparison of Dr. Leidy's figures of the teeth of Astrodon johnstoni 
with Marsh's figures of Pleuroccelus nanus will show a very striking 
similarity between the two, which is rendered all the more striking by 
an actual comparison of the specimens themselves. Moreover since I 
myself collected all of the material described and figured by Professor 
Marsh I can assert that it likewise was found in a bed of iron ore near 
Bladensburg, Maryland. The exact locality of the Marsh material was 
certain iron ore- mines on the farm of Mr. Wm. Coffin, and especially 
in that one locally known as « < Swampoodle " and situated about one 
and one half miles northeast of Beltsville on the Baltimore and Ohio 
Railway, some thirteen miles from Washington. Since these remains 

a Memoir on the extinct Reptiles of the Cretaceous formations of the United States, 
Smith, Contr. to Knowl., Vol. 14, PI. XIII, figs. 20-23 
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were found in essentially, and perhaps identically, the same locality and 
horizon, and, in consideration of the very great similarity which they 
exhibit, there appears no good reason for considering them as pertain- 
ing to either different genera or species. Astrodon johnstoni Leidy 
having priority should therefore be retained, while Pleuroccelus nanus 
would become a synonym of that genus and species. 

» 

Relations of Astrodon johnstoni Leidy (Pleuroccelus nanus 
Marsh) and Elosaurus parvus Peterson and Gilmore to 

OTHER GENERA OF JURASSIC SAUROPOD DINOSAURS. 

It will have been noticed no doubt that the character of the remains 
which have been referred to the above-mentioned genera and species 
indicates that they pertain to animals not yet fully adult. This is 
shown by the sutural connections exhibited between the centra and 
neural arches of the various vertebrae ; by the free coracoid in Elosaurus ; 
and by the character of such portions of the skull of Astrodon as have 
been recovered. While collecting in the Potomac beds I secured a 
number of fragments of skulls pertaining to both upper and lower jaws. 
Whenever teeth were present they invariably belonged to the first series 
and were not yet fully erupted, the points of the crowns scarcely rising 
above the borders of the jaw, showing conclusively that the animal had 
not yet reached the adult stage. Some of the larger limb bones from 
Maryland described by Professor Marsh as Pleuroccelus alius 8 may per- 
haps have pertained to fully adult individuals, but unfortunately only 
the tibia and one or two other fragmentary limb bones of this is known. 
Now it would seem somewhat remarkable that only immature specimens 
of these animals should have been secured while for the most part only 
fully adult representatives of such genera as Diplodocus, Morosaurus, 
Brontosaurus, etc., are known from the same deposits. Since these 
last-mentioned genera must have been represented by young and im- 
mature individuals it does not seem at all improbable that some of the 
remains which have been referred to Pleuroccelus, Astrodon, ox Elosau- 
rus may in reality belong to the young of some of these genera of the 
larger sauropoda. From what we know of the cervicals and dorsals of 
Astrodon (Pleuroca'lus) they might very well have belonged to a young 
specimen of Brontosaurus as might also the detached teeth figured by 
both Leidy and Marsh ; while the fragment of a jaw figured by Marsh 

*Am. Journ. Set., Vol. XXXV, 1888, p. 92. 
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in plate XL. of his Dinosaurs of North America as pertaining to Pleuro- 
ccelus nanus agrees very well, except in size, with a similar fragment of 
Brontosaurus figured in plate XX. If one compares the detached 
teeth of Brontosaurus and Astrodon (P/euroco//us) as shown by Marsh 
respectively on plates XX. and XI,. of his Dinosaurs of North America, 
he cannot but be impressed with the remarkable similarity which they 
exhibit. While it is true that some of the remains described by Pro- 
fessor Marsh as pertaining to Astrodon (Pleuroccelus) could not pos- 
sibly have belonged to a young Brontosaur, it is equally true that the 
association of this material is purely conjectural. No two bones or 
fragments of all that material collected from the Potomac beds in 
Maryland were found in such relation to one another as to demonstrate 
that they had belonged to the same individual. In any discussion as 
to the affinities of these various genera and species of small sauropod ' 
dinosaurs, not only the immature nature of the remains upon which 
they have been based, but also the scattered and disarticulated state in 
which they were found, must be constantly borne in mind. With the 
possible exception of Elosaurus parvus it remains to be shown that any 
of these forms are not the young of some of the well-known larger 
forms, and most of the known remains of this last -mentioned genus 
resemble very closely in many important details like parts of the skele- 
ton of Morosaurus, as has been pointed out by Peterson and Gilmore 
in their original description. 

The discovery of these remains of Astrodon in the Jurassic deposits 
of Wyoming is of the greatest importance as furnishing additional evi- 
dence in favor of the reference of these two widely separated deposits 
to one and the same geological horizon as was originally suggested by 
Marsh. Should future discoveries demonstrate that any one, or all of 
these smaller sauropods, are but immature representatives of the larger 
forms, the evidence in favor of this correlation will be strengthened 
rather than weakened. Marsh has reported remains of Astrodon 
(P/euroca/us) from the Jurassic deposits near Havre in Normandy, 
while the type of Astrodon (Pleurocatlus) suffosus was derived from 
the Kimmeridge of Swindon, England. It is evident therefore that 
these dinosaurs had a very wide geographical distribution and that 
while the European forms may belong to different species than the 
American they nevertheless furnish important evidence as to the rela- 
tive age of the European and American deposits. Since the Kimmer- 
idge clays are of undoubted Jurassic age, and considering the simi- 
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larity existing between the dinosaur remains of that formation and 
those of the Potomac and Atlantosaurus beds, the age of the two latter 

would seem to be not more recent than Jurassic. 
Carnegie Museum, 
October 23, 1902. 
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THE 



AMERICAN JOURNAL OF SCIENCE 

[FOURTH SERIES.] 


Art. XLI. — Two New Ceratopsia from the Laramie of 
Converse County, Wyoming ; by J. B. Hatcher. (With 
Plates XII, XIII.) 

[From a Monograph on the Ceratopsia by J. B. Hatcher. Published by 
permission of the Director of the U. S. Geological Survey.] 

Editorial note. — In the course of his extensive study of the 
Laramie Ceratopsia contained in the U. S. National Museum 
and in that of Yale University, Mr. Hatcher discovered two 
forms which were new to science. These he described in the 
above mentioned monograph, giving to the first, an undoubted 
Triceratops, a new specific name, while for the second speci- 
men, which represents a new genus as well as species, no name 
was suggested by the author. The duty of naming this form 
devolves therefore upon the editor. The generic name Dicer a- 
tops is suggested by the lack of a nasal horn, while the specific 
name hatcheri will serve to commemorate Mr. Hatcher's work 
in connection with this remarkable type. 

In view of the recent discoveries among these most interest- 
ing forms, it has been deemed advisable to publish these descrip- 
tions at the present time without waiting for the publication 
of the monograph. — Richard S. Lull. 

Triceratops brevieornus sp. nov. 
Plate XII, Figures 1 and 2. 

Type No. 1884, Yale Museum. 

Char. Specific: Supraorbital hom cores short and stout, not much com- 
pressed, nearly circular in cross -section. Nasal horn core short and 
stout with the anterior border vertical instead of being directed upward 
and forward at an ungle of 30 degrees. Vertical and longitudinal 
diameters of lateral temporal foramen nearly equal. Orbit irregularly 
elliptical in outline with the longer axis running from above downward 
and forward. Postfrontal fontanelle open even in old individuals. 

The type, No. 1834, Yale Museum, of the present species 
consists of a nearly perfect skull with lower jaw and a com- 

Am. Jour. Scl— Fourth Series, Vol. XX, No. 120— December, 1906. 
29 
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plete series of presacral vertebrae, together with a number of 
ribs more or less complete, and portions of the pelvis, includ- 
ing a portion of the right ilium aim 1 a nearly complete pubis. 
The vertebral series lay in position with the vertebne inter- 
locked by their zygapophyses from the axis to the last dorsal, 
though portions of some of the vertebrae had weathered away 
when found. Behind the posterior dorsal, impressions of the 
centra of the first two sacrals were preserved in the hard sand- 
stone in which the skeleton was imbedded. 

Locality. — The skeleton was discovered by Mr. W. II. 
Utterback, and the exact locality was some three miles above 
the mouth of Lightning Creek and about one and a half miles 
south of that stream, in Converse County, Wyoming. The 
horizon was near the summit of the Laramie, and the specimen 
was collected by the present writer assisted by Messrs. W. II. 
Utterback, A. L. Sullins, and T. A. Bostwick. When dis- 
covered the skeleton lay imbedded in a hard sandstone concre- 
tion and was much shattered and weathered about the pelvic 
region. None of the limb bones and no part of the tail were 
recovered. 

The Skull. 

The extremely rugose nature of the skull together with the 
closed condition of the sutures, many of which are almost or 
entirely obliterated, make it certain that the type of the present 
species pertained to an old individual. 

The Cranium. — The chief distinctive features of the cranium 
are as follows : The supraorbital horn cores are unusually short 
and stout, especially at the base. They are less compressed 
and more nearly circular in cross-section than in most other 
species. The nasal horn is short and very stout with the antero- 
posterior diameter much exceeding the transverse. Its anterior 
border is directed upward in a line perpendicular with the 
longer axis of the skull instead of forward and upward at an 
angle of about thirty degrees to that axis as in the type of 
T. prorsua. The lachrymal foramen, as in T. serrat.ua, lies 
between the maxillary and the nasal, but in the present species 
its anterior half is entirely enclosed by the maxillary, that bone 
sending upward a short process alongside the prcmaxillary 

Eroecss and forming the anterior one-half of the superior 
order of the foramen. The orbit is elliptical in outline with 
the longer diameter inclined backward from the perpendicular 
at an angle of about ten degrees. The lateral temporal 
fossa is triangular in outline, its respective borders describing 
nearly an equilateral triangle, the fore and aft diameter only 
slightly exceeding the vertical. The rostral bone is heavy 
and very deeply excavated beneath. The epijugal is rather 



Digitized by Google 



J. B. Hatcher — Two New Ceratopsia. 415 

wcutely pointed and regularly triangular' in cross-section. The 
infratemporal arch, as in T. serratus, is formed by the quad- 
rate with overlapping processes from the jugal and squamosal, 
that from the latter element occupying a slightly more ele- 
vated position in the type of the present species than in that 
of T. serr at us. The exoccipital process extends distally 
beyond the quadrate and projects as a small angular process. 
There are six exoceipitals, borne wholly on the squamosal, and 
at least three more between the last of these and the single 
median one situated at the median parietal region. Though 
the frill is not sufficiently perfect in this region to determine 
the number of epoceipitals with accuracy, there cannot be 
fewer than nineteen. The postfrontal fontanelle is large and 
circular in outline. The median longitudinal crest of the parie- 
tals is well defined and bears the usual rugosities. Near the 
apex the right horn core has been worn into a peculiar form 
by the action of wind, sand and water while it protruded from 
the sandstone concretion in which it was found prior to its dis- 
covery. The palatial view shows no characters essentially dif- 
ferent from those of other species of this genus. In the region 
of the supraoccipitals and parietals the sutures are so obliter- 
ated by age and obscured by distortion and crushing that it is 
quite impossible to determine their nature. 

The Lower Jaw. — The lower jaws with the predentary were 
in position and in a splendid state of preservation. The pre- 
dentary is rather longer than is common. On the superior 
surface of the mandibular fossa near the anterior end two large 
foramina pierce the wall and pass upward toward the dental 
' chamber. The splenial is very broad posteriorly and entirely 
encloses the mandibular fossa, except at the opening of the 
internal mandibular foramen. The corotioid process is low 
and stout and superiorly it is produced forward into a broad 
and somewhat deourved projection. At its greatest expansion 
the superior border of the splenial covers over for a short dis- 
tance the series of dental foramina on the inner side of the 
dentarv. The principal characters of the skull are well shown 
in Plate XII, figures 1 and 2. 

The Vertebra*. — The vertebra* will be fully described in 
that portion of the monograph relating to the osteology of the 
genus Triceratops. 

Principal Measurements of T/pe of T. breoicornus (No. 1834, 

Y.M.). 

Greatest length of skull 1652 ,n,u 

Greatest breadth of frill 1 120 

Expanse of jugal 600 
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Expanse of frontal region at anterior border of orbits . _ . 357 min ¥ 

Greatest diameter of orbit _ 168 

Least " " " 120 

Fore and aft diameter of lateral temporal fossa.. 105 

Vertical " " " " « 85 

Distance from posterior border of orbit to posterior border 

of frill 840 

Thickness of postfrontal behind orbit 130 

Least antero-posterior diameter of horn core immediately 

above orbit 175 , 

Antero-posterior diameter of horn core, six inches above 

orbit 117 

Transverse diameter of horn core immediately above orbit 140 

Transverse diameter of horn core, hix inches above orbit 97 

Greatest length of squamosal. 870 

" breadth of 41 433 

Length of parietals along median line 712 

Distance between squamosal sutures at posterior border 

of frill 874 

Distance between squamosal sutures at junction with post- 

frontals 330 

Distance from anterior border of orbit to posterior border 

of nasal opening... 228 

Distance between orbit and lateral temporal foramen ... 142 

Distance between lateral and supra-temporal foramina... 285 . 
Distance from lateral temporal foramen to posterior border 

of squamosal 705 

Distance from occipital condyle to posterior margin of 

crest 650 

Distance from occipital condyle to interior border of ros- 
tral 976 

Distance from posterior border of anterior nares to ante- 
rior border of rostral 525 

Distance from postfrontal foramen to extremity of nasal 

horn 750 

Greatest expanse of exoccipital processes 550 

Distance from inferior border of orbit to bottom of jugal 343 

Diameter of occipital condyle 88 

Distance from mid-frontal region to apex of supraorbital 

horn 500 

Length of splenial 503 

" " predentary 255 

Greatest breadth of predentary 142 

Combined length of dentary and predentary 681 

" " " " " articular 020 

Total length of presacral vertebral series 2290 

M " " dorsal series 1490 
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Biceratops hatcheri Lull, gen. et sp. nov. 
Plate XIII, Figures 8 and 4. 

Mr. Hatcher's description is as follows : 

"Char. Generic: Nasal horn core absent. Squamosal bones pierced by large 
fenestra, while smaller ones penetrate the parietals. The inferior border 
of the squamosal lacks a quadrate notch. 

Type No. 2412, U. S. National Museum. 

" Char. Specific: Supraorbital horn cores short, robust, and nearly circular 
in cross-section at base, erect aud but slightly curved. Orbits project 
in front of the horns, the frontal region lying between the horns being 
concave. Exoccipital processes slender and widely expanded. 

" The type, No. 2412, of the U. S. National Museum, con- 
sists of a skull without the lower jaw. The posterior portion 
of the frill is somewhat weathered but the specimen appears 
to have suffered comparatively little from crushing. 

"Locality: The specimen was found in a hard sandstone 
concretion about three miles southwest of the mouth of Light- 
ning Creek, Converse County, Wyoming. When found the 
concretion in which the shell was imbedded had entirely weath- 
ered out of the surrounding sandstone and stood at an altitude 
of live or six feet above the ground, firmly attached beneath 
to another concretion. The skull stood on its nose with the 
frill pointing upward. 

u lhe Skull : The chief distinctive features of the skull are 
as follows: The supraorbital horn cores are comparatively 
short, robust, and nearly circular in cross-section at the base 
instead of compressed, as in most other species. They rise 
more directly upward than in other species and are only slightly 
curved. The orbits also occupy a position more anterior 
than that seen in other species; the anterior borders of the 
horn cores rise from about the middle of the superior borders 
of the orbits so that the orbits project well in front of the 
horns. The frontal region between the orbits is concave. 
The exoccipital processes are rather slender and widely ex- 
panded. 

"The nasals terminate anteriorly in a rounded rugosity not 
developed into anything approaching a nasal horn and resem- 
bling that of the type of Triceralops obtusus. The rostral bone 
is small and firmly coositied with the premaxillaries. The lat- 
ter are elongate but not deep. The maxillaries are massive 
and the lachrymal foramen is elongate and below and com- 
siderably forward of the orbit. The jugal is broad distally 
and firmly coossified with the epijugal. The lateral temporal 
fossa is nearly as deep vertically as longitudinally. The squa- 
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mosal is elongate, and just posterior to the quadrate groove it 
is pierced by a large fenestra. The anteroinferior angle is 
little produced and there is no quadrate notch, the inferior 
border in this region describing widely an open concavity. The 
parietals are broad and thin and, on either side of the median 
line about 235 mm in front of the posterior border, there is an 
elongated fenestra with a longitudinal diameter of 150 mm and a 
greatest transverse diameter of 52 mm . This fenestra is com- 
pletely enclosed on the right side, but on the left the parietal is 
injured in this region. In the drawings it has been restored 
from the right side. The supra-temporal fossa is elongate. 
There is a single median postfrontal fontanelle as in Trieera- 
tops, but posteriorly this gives origin to two deep channels, one 
on either side. These run backward along the surface of the 
parietal and terminate in two small circular fontanelles, condi- 
tions very similar to those which obtain in Torosaurus. 

Measurements of the type. 



" Distance from anterior end of rostral to posterior of squa- 
mosal 1990 mm 

Distance from anterior end of rostral to anterior of orbits 845 
" inferior border of orbit to lower end of jugal 363 
" " posterior border of nasal opening to ex- 
tremity of beak 614 

Distance from posterior border of orbit to posterior sur- 
face of horn core 175 

Distance between anterior borders of orbits 340 

Circumference of supraorbital horn cores at base 610 

" " " " mm. above orbit 340 

Vertical diameter of orbits 165 

Antero posterior diameter of orbits 125" 



[Note. — This genus is most nearly allied to Trieeratops and is 
distinguished therefrom mainly by the much sraallerrostr.il bone; 
by the absence of a nasal horn, which in all species save T. 
obtusus is fairly well developed ; by the very erect, short, robust, 
supraorbital horn cores which seem to take their origin much 
further back with relation to the orbit ; by the concavity of the 
frontal region between the orbits and by the peculiar form of the 
postfrontal fontanelle. The general proportions of the skull 
resemble Trieeratops rather than the contemporary genus Toro- 
saurus, in which the great frill so preponderates over the compara- 
tively abbreviated facial region. The parietals resemble those of 
Trieeratops except for the presence of the small fenestne on 
either side of the median line. 

The squamosals differ from those of Trieeratops in the con- 
formation of the lower border, which lacks the quadrate notch, 
and in the presence of the unique fenestra}. 
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Aside from the general proportions of the skull, Diceratops and 
Torosaurus differ in the presence in the former of separately ossi- 
fied epoccipital bones around the margin of the frill. These 
ossicles are apparently entirely lacking in Torosaurus. The two 
genera agree in the possession of parietal fenestrae though these 
are evidently not homogenous. They also agree in the form of 
the postfrontal fontanelle. 

While I believe Diceratops to be a valid genus, I am not 
inclined to lay the stress upon the parietal and squamosal fenestra 
which Hatcher does, as they may possibly be pathologic. Those 
of the squamosal bones, which are found in no other form among 
Ceratopsia, are not of the same size, while only one is known in 
the parietals for the sufficient reason that the bone is broken 
away on the left side where the fenestra would come if present, 
and it is quite possible that it may never have existed. 

There is preserved in the Museum at Yale University a Clao- 
8aurit8 scapula with a clean cut foramen through it with perfectly 
healed edges. This foramen is not present in the other scapula 
from the same individual and Professor Marsh used to say that 
the perforation was caused by a Triceratops horn. This certainly 
seems suggestive of the manner in which the Diceratops fenes- 
tra? may have arisen. Richard S. Lull. 

Amherst, Mass.] 

DESCRIPTION OF PLATES. 
Plate XII. 

Skull of the type specimen of Triceratops brevicornus Hatcher. No. 1834, 
Yale University Museum. One-sixteenth natural size. 

Figure 1. — Lateral view. ang, angular: art, articular; cp, coronoid 
process; D, dentary ; ep, epoccipital ; ju, jngal ; //, lachrymal foramen; 
mx, maxillary; wo, nasal opening; nh, nasal horn core ; o, orbit ; pa, 
parietal ; jyd, predentary ; pmx, preuiaxillary ; qu, quadrate ; r, rostral 
bone; sang, sucangular ; sq, squamosal; soh, supraorbital horn core. 

Figure 2. — Palatal view, dc, dental channel ; exo, exoccipital ; ju, jngal ; 
mx, maxillary ; j)a, parietal ; pal, palatine ; pmx, premaxillary ; pt, 
pterygoid ; qu, quadrate ; r, rostral bone ; sq, squamosal ; BO, basi- 
occipital ; C, occipital condyle. 

Plate XIII 

Type skull of Diceratops hatcheri Lull. No. 2412, U. S. National 
Museum. One-sixteenth natural size. 

Figure 1. — Lateral view, ep, epoccipital ; If, lachrymal foramen ; mt, max- 
illary teeth ; mx. maxillary ; u, nasal ; NO, nasal opening ; o, orbit ; 
pa, parietal ; pmx, premaxillary ; qu, quadrate ; r, rostral bone ; SF t 
squamosal fenestra ; soh, supraorbital horn core. 

Figure 2.— Dorsal view, ep, epoccipital; //, lachrymal foramen; n, nasal 
opening; o, orbit; pa, parietal; paf, parietal fenestra; pff, postfrontal 
fontanelle ; r, rostral bone ; SF, squamosal fenestra ; sq, squamosal • 
soh, supraorbital horn core. 
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Art. XLII — Restoration of the Horned Dinosaur Dicera- 
tops; by Richard S. Lull. (With Plate XIV.) 

The new genus and species described by Hatcher in the pre- 
ceding article represents perhaps the most bizarre and grotesque 
form among all the race of horned dinosaurs, and the author 
lias attempted an interpretation for the purpose of empha- 
sizing the features wherein this animal differed from any of 
its allies. 

Diceratops comes from the Laramie of Converse County, Wyo- 
ming, and while contemporaneous with Triceratops and Toro- 
saurus it is probably as late in geological time as any of the 
species of either genus, and may be said to represent the cul- 
mination of at least one phylum of the Ceratopsia. Diceratops 
differs from Torosaurus in the proportions of the skull, for in 
the latter genus the frill is relatively huge as contrasted with 
the abbreviated facial region. In this Diceratops and Tricera- 
tops agree, and it is quite evident that there is a genetic rela- 
tionship between these genera, while Torosaurus represents a 
totally distinct phylum. 

Perhaps the most notable point of distinction between Tri- 
ceratops and Diceratops is the presence of a fairly well devel- 
oped nasal horn in the former while in the latter genus it is 
lacking, a feature which in the author's mind represents the 
culmination of specialization. 

The earliest known Ceratopsia are the Judith River types, 
characterized by an incomplete frill, by rudimentary horns 
above the eyes, and by a very well developed, generally erect 
or backwardly curved nasal horn. 

The supraorbital horns are progressive structures while the 
nasal horn is retrogressive, and during the lapse of time between 
the Judith River and Laramie periods, when the marine Bear- 
paw shales and Fox Hills sandstones were laid down, the Cera- 
topsia underwent a remarkable though unrecorded evolution, 
for when they again come into view in the Laramie the arma- 
ment is reversed, in that the great temporal horns are by far 
the larger and more efficient weapons, and the diminishing 
nasal horn, while supplementing the others in the various spe- 
cies of Triceratops and Torosaurus, is vestigial in the form 
under discussion. 

This change of armament was necessarily accompanied by 
a change in the method of attack, for while the Judith River 
types probably used the one horn much as the rhinoceros does, 
with an upward thrust, Triceratops seems to have charged with 
lowered head, the small forwardly directed nasal and the larger 
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supraorbital horns meeting the enemy at the same moment of 
impact. The frill now becomes of greater protective value 
instead of affording leverage merely for the muscles of the 
neck. 

Diceratops exhibits the extreme of development of this style 
of warfare, fof the supraorbital horns are the sole aggressive 
weapons while the widely expanded frill served admirably to 
withstand the shock of the adversary's horns. "We have here 
a precise analogy with the knight of old tilting with his spear 
and shield. 

The skull of Diceratops shows the horns to be very erect, 
much more so than in THceratops, so that the head would have 
to be carried much lower in charging than in the latter genus 
and the horns through relatively snort are extremely powerful. 
I have indicated a callosity, the last vestige of a horn, over the 
nasals, for they still remain very highly arched and evidently 
bore some of the impact of the* adversary's blow. The eyes 
were set in deep thick-rimmed sockets which look directly out- 
ward, evidently limiting the forward range of vision, but afford- 
ing ample protection to these highly necessary organs. 

If one will turn to Hatcher's figure of the Diceratops skull 
(Plate XIII, tigures 1 and 2), he will notice in the frill several 
apertures which Hatcher has called " fenestra;." Two of 
these are through the squamosal portion of the frill, one on 
either side, and one through the parietal.* They are irregular 
in size and in position, and while the Judith River types and 
Torosaurus among the Laramie forms have parietal fenestras, 
they are large and symmetrical, aud there is no instance of squa- 
mosal fenestra in any known genus of Ceratopsia. If the 
author's conception of the final function of the frill is correct, 
there would be no reason for the development of apertures 
through it, which would only tend to weaken it and mar its 
usefulness. It seems vastly more probable that these are " old 
dints of deep wounds" received in combat. None of them, 
not even the great one on the left, were necessarily fatal, as 
they all seem to be through the free portion of the frill, 
and, while the bone was destroyed, the horny or leathery integ- 
ument may have grown again over the gap as indicated in 
the model. The edge of the apertures are healed, showing 
that the animal lived for some time after the injuries Were 
received. 

I have represented the gape of the mouth with much less 

* Mr. C. W. Gilmore, who prepared the type specimen of Diceratops. is by 
no means sure of the "parietal fenestra." There was no bone adhering to 
the matrix at that point so he left the opening through the frill for want of 
evidence to the contrary. The bono forming the margin of the left squamosal 
aperture is decidedly pathologic. 
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backward extent than in other restorations of Ceratopsia. Here 
we cannot be guided by the form of the mouth in existing 
reptiles, for none living have the same feeding habits as these 
dinosaurs. Here the mouth may properly be divided into an 
anterior prehensile portion, the turtle-like beak, and a posterior 
masticating portion, the dental armature. In herbivorous 
mammals the gape only includes the prehensile and never the 
masticating portion, because of the necessity of muscular cheeks 
to retain tlie food in the mouth. The Ceratopsia had a dental 
apparatus which chopped the food into short leugths, and the 
pieces, falling outside of the lower jaw, would have been lost 
had the gape extended backward beyond the beginuing of the 
tooth series. 
Massachusetts Agricultural College, Amherst. 
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Plate XIII. 




Am. Jour. Sci., Vol. XX, 1905. 



Plate XIV. 





Restoration of Dieeratop* hatcher i Lull, from a inodel by the author. 



The upper figure is that of the front view of the model with the muzzle 
somewhat depressed. 
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LETTER OF TRANSMITTAL. 



Department of the Interior, 

United States Geoixxjical Survey, 

Washington, D. C., May 11, 190 % 
Sir: I have the honor to transmit herewith the manuscript of a 
report on the geology and paleontology of the Judith River beds, by 
T. W. Stanton and J. B. Hatcher, with a chapter on the fossil plants 
by F. H. Knowlton, and to recommend its publication as a bulletin. 

The report embodies the results of Held studies in Montana and 
adjacent regions during the season of 1903, and of a subsequent study 
of the collections. By combining careful stratigraphic observations 
with several lines of paleontologie investigation the authors have satis- 
factorily answered a much discussed question in Cretaceous stratig- 
raphy, and the results stated in this report will have an important 
bearing on the geology of a large area in the Northwest. 
Very respectfully, 

C. W. Hayes, 

Geologist i/i (Votrgr of Geology. 

Hon. Charles D. Walcott, 

Director United States Geological Surrey. 
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GEOLOGY AND PALEONTOLOGY OF THE 
JUDITH RIVER BEDS. 



By T. W. Stanton and J. B. Hatches. 11 



INTRODUCTION. 

During the summer of 1903 we spent two months together in the 
field study of the Judith River and associated formations of north- 
ern and central Montana and adjacent areas of Canada. The prin- 
cipal results of this work were the accurate determination of the 
position of the Judith River beds in the Upper Cretaceous section, 
and the removal of all doubts as to the correlation of these beds with 
the Belly River beds of Canada, thus establishing more accurately the 
position of that Canadian formation. These results are offered as a 
slight contribution to the Mesozoic history of the north interior 
region, which is rendered more than usually difficult to decipher 
because land or nonraarine conditions prevailed during several 
recurring intervals, at least from the Upper Jurassic to the top of 
the Cretaceous. It is our purpose to give somewhat in detail the 
evidence on which our conclusions are based, restricting the descrip- 
tions to the areas which have been actually studied by us and which 
include practically all the known exposures of Judith River beds in 
Montana and the southeastern part of the Belly River area (including 
the bottom and the top of the formation) in Assiniboia. After a cur- 
sory review of previous work on the formations discussed, the local 
outcrops and sections in the different areas will be described. The 
descriptions of the areal and strati graphic geology will be followed 
by brief accounts of the vertebrate fauna by Mr. Hatcher, of the 
invertebrate fauna by Mr. Stanton, and of the flora by Mr. Knowlton. 

Working independently along different lines, we have long been 
interested in the stratigraphie and faunal problems connected with 

a On July 4, 1904, soon after this manuscript was finished, Mr. J. B. Hatcher died at bis home in 
Pittsburg, after a brief attack of typhoid fever. His death at the early age of 43 years is a serious 
loss to geology and paleontology, In which the important work he had already done gave promise of 
greater results In the future.— T. W. S. 

9 
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the Judith River beds, and both of U8 had previously visited the 
typical area near the mouth of Judith River. In 1SS8 and 18i>2 
Mr. Hatcher spent considerable time in collecting vertebrate fossils 
from the formation, making only incidental observations on the strati- 
graphy of the region. He traveled by wagon road, thus approaching 
the 44 badlands" exposures of these nonmarine beds from the higher 
divides, where he noticed outcrops of marine Cretaceous shales in such 
locations that he inferred that they might overlie the Judith River 
beds. He had also noticed similar relations of the outcrops on Willow 
Creek near Musselshell River. The study of the vertebrate fauna led 
him to the conclusion that it is older than the Laramie fauna of the 
uppermost Cretaceous. In the absence of data as to the exact age of 
the underlying formation, all of Mr. Hatchers observations tended to 
place the Judith River beds well down in the Upper Cretaceous. 

In 1894 Mr. Stanton spent a few days with Mr. \V. H. Weed near 
the mouth of Judith River. They traveled by row boat down the 
Missouri River from Fort Benton to Judith, passing over and study- 
ing the formations underlying the Judith River beds, beginning with 
the Fort Benton shales. Mr. Stanton confirmed the statements of 
previous observers that some of the strata beneath the Judith River 
beds contain a fauna that is elsewhere characteristic of the Montana 
group, or Fort Pierre and Fox Hills formations. He was especially 
impressed by the occurrence, in the upper part of these underlying 
beds, of a zone containing Cardlum xpeciosum, Nactra alia, Tancredla 
americana, and other forms which in north-central Colorado are known 
to occur only in the Fox Hills beds immediately beneath the Laramie. 
No beds higher than the Judith River were seen, and the view was 
adopted that the Judith River overlies all of the Montana group and 
is referable to the Laramie. When a few days later the overlying 
marine Cretaceous shales were seen in contact with upturned Judith 
River beds near Havre, Mont., their apparent position was supposed 
to be due to faulting, of which there was abundant evidence in the 
neighborhood. 

With these divergent views concerning the age of the Judith River 
beds the writers participated in the renewed discussion on that sub- 
ject during the winter of 1902-3, to which reference will be made 
later. Mr. Hatcher then decided to make a field investigation of 
typical areas of the Judith River and Belly River beds, under the 
auspices of the Carnegie Museum, in Pittsburg, in which he had 
charge of the department of paleontology. Mr. Stanton expressed 
the desire to cooperate in such an expedition, and afterwards arrange- 
ments were made under which the expenses of the joint field work 
were borne by the Uuited States Geological Survey. 
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DESCRIPTIVE GEOLOGY. 

THE STRATIGRAPIIIC COLUMN. 

In order that the review of previous work on the Judith River beds 
ma} T be made intelligible without too much circumlocution, it is neces- 
sary to introduce here a brief account of the stratigraphy of the Upper 
Cretaceous in this region. The principal facts, with the names of 
the new formations recognized, have been published in a preliminary 
note. a 

Benton shales. — The lowest formation studied consists of dark clay 
shales With occasional intercalated bands of sandstone, especially in 
the upper portion. There are also frequent calcareous concretions, 
often of large size, which are usually fossil if erous'. This is the well- 
known and widely distributed Fort Benton formation of the Meek 
and Hay den upper Missouri section. The name is derived from the 
town of Fort Benton, on Missouri River about 100 miles above the 
mouth of Judith River, but the original description and especially 
the stratigraphic limits are based largely on exposures in another 
area in Nebraska, where the Benton rests on the Dakota sand- 
stone and is overlain by the Niobrara limestone and calcareous 
shales. In the neighborhood of Fort Benton and in all the region 
now under investigation there is no limestone corresponding to the 
Niobrara, and as there is no evidence of an erosion interval or uncon- 
formity, it is probably represented by shales or sandstones. The 
paleontologic indications are that in this region the Niobrara is repre- 
sented by dark shales not separable stratigraphically from the Benton. 
If this be true the Benton shales of the upper Missouri represent 
more than the formation known by the same name in Nebraska, in 
Colorado east of the Front Range, and at other places, and really 
include the whole of the Colorado group, so that it is more appro- 
priate to call them Colorado shales, as Weed has done in the Fort 
Benton folio. These shales are characterized in their lower portion 
by Inoceramus lahiatus, Scaphite* warreni, and a few other species, 
while toward the top they yield Inoceramus umbonatm, I. exogyroides^ 
Pholadomya papyracea, Scaphite* vmtricosus, Baeulites asper (.?), and 
many other forms. The species of Inoceramus and Baeulites occur in 
the Austin limestone of Texas, which is correlated with the Niobrara, 
and some of them have been found in the upper Niobrara shales of 

a Science, n. s., vol. 18, 1903, pp. 211-212. 

11 



Digitized by Google 



12 



THE JUDITH RIVER BEDS 



[bull. 257 



Colorado. The total thickness of the formation is estimated at 800 
feet, but only the upper portion, 200 to 300 feet in thickness, is 
usually seen in the sections examined. 

Emjle formation. — Immediately above the Benton shales is the 
Eagle formation, which was named by Weed from Eagle Creek. It is 
found along Missouri River for many miles above and below Eagle 
Creek, the exposures being continuous from a point less than 10 miles 
below the mouth of Marias River to the mouth of Arrow Creek. At 
its base it consists of laminated sandstones and shales grading down 
through 30 or 40 feet into the underlying formation, but its most 
conspicuous member is a heavy-bedded or massive, very light-yellowish 
to white cross-bedded sandstone 100 feet or more in thickness, which 
"weathers into cliffs or steep slopes with balcony ledges and striking 
monumental forms capped by ironstone masses." (See Pis. I and II.) 
These striking features of the landscape have been noticed and 
described by all the early explorers of the upper Missouri. In the 
neighborhood of Eagle Butte the sandstone is cut by many igneous 
dikes, which, however, do not cause any vertical displacement. 

Above the massive white sandstone are softer beds consisting of 
alternating sandstones, shales, and many beds and seams of lignite. 
At many localities bands of small, flat, black pebbles occur near the 
top. The total thickness assigned by Mr. Weed to the formation 
along the Missouri is 200 feet, but if the similar lignitiferous beds 
that are predominantly sandstones be included the thickness is 
probably more than 300 feet. This gFeater thickness of beds that 
can not be consistent]}' separated from the Eagle formation was 
observed especially on Dog Creek, and at other places in the neigh- 
borhood of Judith. 

At many places the Eagle formation seems to be barren of fossils. 
This is especially true of the thick sandstone member. One locality 
on the Missouri, 7 miles below "Coal Banks," has yielded a few 
species of fossil plants, and a considerable invertebrate fauna has been 
collected, mainly from the upper portion, 5 or 6 miles below the 
mouth of Arrow Creek, and on Dog Creek and elsewhere in the 
neighborhood of Judith. The invertebrates include Cardium specio- 
mim, Thetis? circular is, Mactra alia, Placenticeras whitfieldi (?), and 
undescribed species of Crenella, Leptosolen, Bavoda, Pholadomya, and 
Baeulites, all of which show much closer relation with the fauna of 
the overlying beds of the Montana group than with that of the 
Colorado group. This horizon has also yielded a few dinosaurian 
remains, including the t} T pe of Ornithmmnus grandis, which was 
found near the mouth of Cow Creek, where the Eagle formation is 
brought up by faulting. 

The formation has often oeen confused with several other horizons. 
In addition to the areas already mentioned it has been recognized in 
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prominent outcrops on Flatwillow and Willow creeks, on the Yellow- 
stone at Billings, and on Fish Creek near Musselshell River. 

Claggett formation- — The beds to which the name Claggett forma- 
tion has been given lie above the Eagle formation and below the 
Judith River beds. In the neighborhood of Judith (old Fort Clag- 
gett), where they are well exposed, they have a total thickness of 
about 400 feet and consist largely of dark clay shales with variable 
intercalated bands and beds of sandstone, especially in the upper half. 
The dark shales of the lower part of the formation contain many cal- 
careous concretions, which yield GermUia borealis, Baeulites ovatus, 
Baeulites compressus, and a few other forms, elsewhere regarded as 
characteristic of the Fort Pierre. The yellowish sandstone beds 
higher in the formation, especially one about 200 feet from the top 
and another near the summit, are often locally very fossiliferous, and 
bear an invertebrate fauna, of which the most conspicuous species are 
the following: 

Species from upper part of Claggett formation. 



Mactra forraosa. 
Mactra alta. 
Lunatia subcrassa. 
Vanikoropsis tuomeyana. 
Baeulites sp. 



Tancredia auiericana. 
Canlium epeciosum. 
Sphicriola? endotrachys. 
Tellina equilateralis. 
Thracia gracilis. 
Uopistha (Cymella) undata. 

This has long been considered a typical "Fox Hills" fauna, and a 
number of its species do recur at the top of the marine Cretaceous 
immediately below the Laramie in Colorado and elsewhere. It is 
now known that some of them also occur as low as the Eagle forma- 
tion. The shale exposures of this formation in the neighborhood of 
Judith have been identified as Fort Pierre in previous publications. 
The "lower dark shales" mapped by Dawson on Milk River near 
Pakowki Lake, Assiniboia, are the upper part of the Claggett forma- 
tion. There is usually a gradual transition upward into the Judith 
River beds, so that it is often difficult to determine the exact boundary. 

Judith River beds. — The lithologic and paleontologic features of this 
formation are fully described on subsequent pages. The beds are 
mostly of fresh-water origin, but occasionally contain intercalated 
brackish-water layers, the most persistent of which is near the top of 
the formation. More rarely there are local marine deposits in the 
upper part. The formation is prevailingly light colored and tends to 
weather into "badlands' 1 forms. The thickness near Judith is little 
more than 500 feet. 

Bear pair shah*.— These shales rest on the Judith River beds, and 
have the lithologic character of the Pierre shales, part of which they 
represent. They consist chiefly of dark clays, which weather into 
rounded slopes and form an "adobe" soil. In certain zones there are 
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numerous calcareous concretions, most of which are fossiliferous and 
and yield a varied invertebrate fauna. Among the more common 
forms are the following: 



Mactra gracilis. 

This formation is named from the Bearpaw Mountains, around 
whose north, east, and south sides it is well developed. It is evidently 
the equivalent of only a part of the Pierre formation, which in South 
Dakota, Colorado, and elsewhere is defined to include all the strata 
between the Niobrara limestone and the Fox Hills sandstone. Whether 
the Bearpaw also includes the representative of the Fox Hills sand- 
stone has not yet been definitely determined. Its limits are precisely 
the same as those of the beds in Alberta and Assiniboia described by 
the Canadian geologists as " Pierre-Fox Hills" group, whose thick- 
ness is estimated at 750 feet. The thickness in Montana probably 
approximates the Canadian estimate, but no section where an accurate 
measurement could be made was studied. 

Higher fwrlzfms. — Along Musselshell River in the neighborhood of 
Musselshell post-office and between the Musselshell and the Yellow- 
stone north of Billings and Bigtimber the Bearpaw shales are overlain 
by a thick series of beds in which sandstones predominate, with shales 
and several coal-bearing horizons. This series doubtless includes rep- 
resentatives of the Laramie, Livingston, and Fort Union formations 
as described by Weed in adjacent areas. 



The earliest definite geologic descriptions of the region about the 
mouth of Judith River were by Dr. F. V. Hayden, who visited the 
area in 1854 or 1855," and brought back collections of both inverte- 
brate and vertebrate fossils. The invertebrates were described by 
Meek and Hayden in the Proceedings of the Academy of Natural 
Sciences, Philadelphia, beginning in 1850, while the few vertebrate 

a The scenic features above the mouth of Judith River produced by the Eagle sandstone were 
described by Lewis and Clark (Expedition to the Sources of the Missouri, etc., 1814) and by Prinz 
Maximilian zu Wied (Reise in dan Innere Nord- America in den Jahren 1832 bis 1834, Coblenz, 1839- 
1841) . The latter (rives excellent illustrations of Bome of the striking outcrops of the Eagle sandstone 
on pis. 84, 36, 41, and vignette 18. 



Species found in Bearpaw shales. 



Ostrea patina. 
Avicula nebrascana. 
Avieula linguiformie. 
Inoceranius sagensis. 
Inoceramue barabini. 
Leda (Yoldia) evansi. 
Lacina subundata. 
Thetis circularis. 
Callista deweyi. 



Liopistha (Cymella) undata. 
Anisomyon centrale. 
Cinulia concinna. 
Anchura aniericana. 
Baculites ovatus. 
Bacilli tee compresauB. 
Placenticeras whittieldi. 
Placenticeras intercalare. 
Scaphites nodoeua. 



HISTORICAL, REVIEW. 



Digitized by Google 



WANTON AND"! 
HATCHER. J 



HISTORICAL REVIEW." 



15 



remains were described by Doctor Leidy." These joint papers 
by Meek and Hayden, and others written hy Hayden independ- 
ently, contain many notes describing the geology of the Judith 
River country and varying opinions as to the age of the beds 
exposed there. The presence of many faults and other disturbances, 
the lithologic similarity of several distinct formations, and the 
apparently contradictory character of- the evidence from different 
classes of fossils conspired to make the interpretation of the section 
difficult, and it is not surprising that the necessarily hasty and imper- 
fect examination of the stratigraphy made by Doctor Hayden left 
him in doubt as to the relations of some of the beds, or that he made 
mistakes in attempting to correlate these beds with the Cretaceous sec- 
tion exposed on Missouri River several hundred miles to the east, 
where the lithologic development of some parts of the section is very 
different. The members of that section had not then been named, and 
the formations subsequently called 6 Dakota, Fort Benton, Niobrara, 
Fort Pierre, and Fox Hills were known as Nos. 1, 2, 3, 4, and 5, 
respectively. 

In these early papers the sandstone now known to form the most 
prominent member of the Eagle formation was doubtfully referred to 
u No. 1," but from the fossils that are cited it is evident that Hayden 
did not separate the sandstone bands of the Claggett formation from 
the underlying Eagle sandstone. The occurrence of Ifettangia anteri- 
cava (afterwards referred to Taneredia) was especially commented on 
because it was believed to be a Jurassic type of shell, though its asso- 
ciation with Baculit&t and other Cretaceous types was taken as evidence 
that the horizon was really near the base of the Cretaceous. This 
marine horizon was recognized to be beneath the nonmarine beds 
whose invertebrate fossils were all described as Tertiary species. The 
vertebrate remains from the same region were declared by Leidy c 
to be reptiles and fishes of old types, " which remains, I suspect, 
indicate the existence of a formation like that of the Wealden.'' At 
that time it was not certain whether the vertebrates came from the 
same horizon as the nonmarine invertebrates or from a lower bed with 
44 No. 1," though apparently Hayden's original opinion was that the 
bones and part of the fresh-water Mollusca came from the lower 
horizon and that other fresh- and brackish-water fossils came from 
Tertiary beds in the same neighborhood, as the following quotation d 
from the first published geologic description shows: 

Some 4 or 5 miles below the month of Musselshell River a lower rock — a sand- 
stone — rises above the water level. This is probably No. 1 of the series, No. 2 and 

«Proc. Acad. Nat. Sri. Philadelphia, 1H56, pp. T2, 73, and Trans. Am. Philos. Sue., vol. 11, 18»X), pp. 
:39-lW. 

b Proc. Acad. Nat. Sci. Philadelphia, 1861, p. 419. 
cProo. Acad. Nnt. Sei. Philadelphia, 1856, p. 73. 
<*Meek and Hayden, idem, p. 114. 
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No. 3 not being reprinted here. It is worthy of note that out of two aperies of 
Mactra, two of Tellino, two of Inoceramm, one of Pholadomya* two of Naticn, and one 
Buadite found in this rock, not one is known to occur in any of the higher forma- 
tions, and some of these species are not unlike Neocoinian forms. 

In consequence of the increasing inclination of the strata, this last- mentioned sand- 
stone rises in the vicinity of North Mountain River [Little Rocky Mountain Creek] 
as much as 250 feet above the Missouri. Here, or near this, begins a wild and deso- 
late region, known as the Mauvainnt Terre* or Bad I*nds of the Judith. At various 
places in these Bad Lands a sandstone similar to No. 1 was seen alternating with 
beds of clay and lignite, all of which are upheaved and much distorted. It was 
found impossible to devote to the examination of these formations time enough 
to determine their relations to the Cretaceous and Tertiary strata of this region, 
without running the risk of being cut off from the party and murdered by the 
Indians. Among a few fossils that were collected here, however, Professor Leidy 
finds teeth which he refers to two or three genera of large Saurian* allied to the 
Iffuanodon, Megalomurus, etc. The»e are also in the collection from some of these 
beds one or two species of Unio, o..o or more of Cyclas or Cyrena, and a few crushed 
specimens of Gastropoda, like Paludina and Melania. From these facts we are strongly 
inclined to think with Professor I^eidy there may be here, at the base of the Creta- 
ceous system, a fresh-water formation like the Wealden. Inasmuch, however, as 
there certainly are some outliers of fresh-water Tertiary in these Bad Lands, we 
would suggest that it is barely possible these remains may belong to that epoch, 
though the shells appear to be all distinct species from those found in the Tertiary at 
other localities in this region. 

In this paper the Judith River invertebrates are described as Ter- 
tiary species. In a subsequent paper published in the same volume" 
Meek and Hayden again discuss the marine sandstones containing 
Bacidites and llettangia [ Tancredia] americana, and suggest that they 
may be as old as Jurassic, though more probably Cretaceous. Their 
statement is as follows: 

If not older than Cretaceous, we think, from these facts, as well as from the strati- 
grapical position of these beds, they probably represent some of the older members 
of that system. What relation they bear to the formations near the same locality 
in which the saurian remains were found, supposed by Professor Leidy to be allied 
to the genera Iguanodon and Megalosaurus, is still an unsettled question. * 

In 1857 Hayden published his " notes explanatory of a map and 
section illustrating the geological structure of the country bordering 
on the Missouri River." Among the " basins of the Tertiarv svs- 
tern" he lists'" the "Bad Lands of Judith River, which occupy an area 
of 40 miles in length and 15 to 30 in breadth, reposing on a sandstone, 

a Pp. 265-286. 

ft It Is noteworthy that in this article the term* "Judith River beds" and "Judith Kiver forma- 
tion!* " are used in a general, untechnical seuse to include all the formations occurring near the 
mouth of Judith Kiver. In Leldy's paper of I860 "Judith River formation " appears in the title 
* and in the caption of a section. The term was used rather loosely for some years, and when applied 
strictly to the formation now known by that name it usually took the form "Judith River Estuary 
IhmIs." In 1MT1 Hayden proposed "Judith group" (Ann. Kept. U. S. Geol. Surv. Terr, for 1870, p. 97) 
as a formation name. In subsequent i*apers by Cope, Meek, and others "Judith River beds" was 
used with its present .signification. 

olToe. Acad. Nat. Hci. Philadelphia, 1857, pp. HW-116. 



Digitized by Google 



STANTON ANDT 
HATCH EK. J 



HISTORICAL REVIEW. 



17 



the age of which has not been positively determined." This area is 
colored as Tertiary on the map, and is described as follows: 

This exceedingly interesting deposit occupies a depression in a sandstone forma- 
tion which rises to the water level at the mouth of Little Kocky Mountain Creek 
from beneath the well-known Cretaceous bed So. 4 of the vertical section. It pre- 
sents perhaps the most rugged scenery on the Missouri River, the denudation and 
erosion having been much greater than at the Bad Lands of White River. But 
the most remarkable feature of this basin is the wonderful disturbance of the strata. 
So much are the beds disturbed and blended together by forces acting from beneath, 
that it seems almost hopeless to obtain a section showing with perfect accuracy the 
order of superposition of the different strata. 

A paper by Meek and Ilayden in the same volume " gives a further 
discussion of the subject and shows that the change of view was caused 
by the study of the invertebrate fauna, which seemed to show close 
relationship with that of the " Great Lignite basin " near Fort Union. 

A Judith River species of turtle (Trtfmyj) had also been identified 
in a bed at the base of the " lignitic," which was then regarded as 
Miocene. Their rather guarded statement is as follows: 

We would not for a moment hesitate in regarding the de|>osits of which we have 
spoken, near the Judith, as Tertiary, were it not for the fact that the saurian and fish 
remains occurring in these t>eds, as may be seen by reference to Professor Leidy's 
remarks respecting them, are allied to Wealden and older types. 

In the midst of evidence of such a conflicting nature, it is, of course, unsafe to 
express any very positive opinion respecting the age of these formations. At the 
same time we are strongly inclined to the conclusion that they will prove not merely 
Tertiary, but alxmt of the age of the lowest beds of the Great Lignite basin, or per- 
hajis a little older. We have therefore placed them provisionally along with the 
Tertiary beds in the accompanying section of the Nebraska rocks. 

A generalized section of the Judith River beds 415 feet thick is 
described as follows: 

This section embraces all the deposits, as we believe, seen in the Bad I^mds of the 
Judith, in which land and fresh-water shells are known to occur. They appear, as 
near as could be ascertained, to occupy a local basin in a series of marine deposits, 
consisting of l>eds of sandstone and impure lignite, which we have regarded pro- 
visionally as of the age of No. 1 of our general section. ft 

This view, however, evidently was not in harmony with some of 
Haydeivs stratigraphic observations, for when explorations in the 
Black Hills brought to light a fresh-water fauna at the base of the 
Cretaceous section, in beds now generally referred to the Jurassic, the 
opinion as to the age of the Judith River beds was again changed, and 
in a new edition of Hayden's map' the area was colored as "Creta- 
ceous No. 1," with the statement that the beds mav be the American 

"Pp. 117-148. 

&This section and a general discussion of the geology of the region were also published by Hayden 
in Warren's "Report of explorations in Nebraska and Dakota," in retKirt of Secretary of War, 
1K.tM. reprinted as separate document in 1K7.S. 

«• l'roc. Acad. Nat. Sci. Philadelphia, 1858, pp. 13^-158. 

Bull. 257—05 2 
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representatives of the Wealden. A fuller statement by Meek and 
Harden " is as follows: 

The occurrence of these forms at this horizon [in the Black Hills] also leads us to 
suspect that a considerable portion of the estuary beds at the mouth of Judith River, 
al>ove Fort Union, in regard to the age of which we have l>een so much puzzled, may 
l»e, as first suggested by Doctor Leidy, a representative of the Wealden, and as we 
were then inclined to 8iipi>ose, belong to our No. 1. 

The close similarity between the lithological characters of these deposits and 
those of some of the Tertiary formations of the Northwest, and the estuary character 
of t heir fossils, together with the analogy of many of the species of Mollusca found in 
one of the upper beds (which may be an outlier of Tertiary resting on older forma- 
tions), taken in connection with the fact that amongst the fossils collected from one 
of the middle beds (see section p. 124, Vol. VIII, Proceedings, 1857) there were 
some fragments of a Trioni/x, regarded by Doctor Leidy as identical with a species 
occuring in well-marked Tertiary deposits near Long Lake, below Fort Clark, led us 
subsequently to think the whole of these estuary beds near the Judith River might 
possibly be an outlier of Tertiary reposing upon deposits of the age of our No. 1. 
At the same time, in consequence of the occurrence in them of remains regarded by 
Doctor Leidy as analogous to Ispidotus, Iguunodon, and Megalosaurns, we stated that 
in the midst of evidence of such a conflicting nature, it is unsafe to express any very 
positive opinion respecting the age of these formations. 

•Since we know that there is a similar group of beds at the base of No. 1, as we now 
understand it, near the Black Hills, containing a mingling of fresh-water and marine 
fossils— although we are not sure any of them are specifically identical with those 
found near the Judith— we are inclined to think our first views in regard to these 
Judith River formations will prove to be correct, or, in other words, the beds from 
which the saurian remains, described by Doctor Leidy, were obtained, will yet prove 
to be a part of the series we include in No. 1 of the Black Hills section. This view 
receives additional supi>ort, too, from the fact that the Judith River fresh-water or 
estuary formations were often seen much upheaved and distorted, while around the 
Black Hills the Tertiary deposits appear to lie undisturbed upon the upheaved older 
rocks in such a manner as to indicate that the last period of disturbance amongst 
the strata of this region occurred after the close of the Cretaceous epoch, but previous 
to the deposition of the Tertiary. 

In I860 Hayden published* a paper entitled "A Geological Sketch of 
the Estuary and Fresh-water Deposit of the Bad Lands of the Judith," 
which contains perhaps the fullest connected account of the region 
that he printed. The statements as to the stratigraphic position of the 
Judith River beds are somewhat equivocal, but show no definite change 
from the views expressed in the paper last cited. The sandstones of 
the Eagle formation are referred to "No. 1," and some of the sand- 
stones, of theClaggett formation are also referred to the same horizon, 
while the shales of the Claggett, which are called i4 No. 4," are said to 
rest on No. 1. 

In the following year Meek and Hayden 0 published a review of the 
geology of the upper Missouri region as an introduction to a paleonto- 
logic paper. Here they first gave the geographic names Dakota, Fort 

rtlbid., pp. 45, 4<*>. 

& Trans. Am. Philos. Soc, vol. 11, pp. 123-138. 
oProc. Acad. Nat. Sci Philadelphia, 1861. pp. 415-447. 
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Benton, Niobrara, Fort Pierre, and Fox Hills groups to the five num- 
bered divisions of their Cretaceous section and called the overlying 
beds near the mouth of the Yellowstone, and lower on the Missouri, 
the "Fort Union, or Great Lignite group," at the base of which they 
placed the Judith River beds. On page 417 the following statement 
is made: 

At the time we published these facts [concerning the fresh-water Jurassic of the 
Black Hills], we were led by the discovery here of fresh-water shells, in such a posi- 
tion, to think that some estuary deposits of doubtful age, near the mouth of Judith 
River, on the Missouri, from which Doctor Leidy had described some saurian remains 
resembling Wealden types, might be older than the Tertiary. Later examinations, 
however, have demonstrated, that the Judith beds contain an entirely different 
group of fossils from those found in the rock under consideration, and that they are 
really of Tertiary age, and hold a position at the base of the Great Lignite series of 
the Northwest. 

Concerning the marine beds near the mouth of the Judith previously 
assigned to " No. 1," the authors say that it would be unsafe to refer 
them to the Dakota group. 

In another paper, published by Hayden" in 1861, the Tertiary beds 
of the Northwest are classified as " first, estuary deposits; second, true 
lignite beds; third, Wind River Valley deposits; fourth, White River 
Tertiary deposits." Of the first class he says: 

The estuary deposits, of which the Judith l>asin may be regarded as the type, are 
quite remarkable and of a most interesting character. Opinions of a somewhat con- 
flicting nature have been entertained in regard to them, owing to the peculiar charac- 
ter of the organic remains, but recent observations have convinced me that they are 
all of Tertiary age, and that they are quite widely distributed throughout the Far 
West. 

In the subsequent writings of Hay den there are many brief refer- 
ences to the Judith River beds, in which he constantly referred them 
to the Tertiary, with an occasional expression of doubt as to their exact 
position. There is no record that he revisited the original Judith 
River area after his first observations were made, but when connected 
with the Raynolds expedition of 1859-60* he passed over the same 
horizons and in part recognized them in traveling from the Judith 
Mountains to the mouth of Bighorn River on the Yellowstone. 

Judith group was definitely proposed by Hayden c as a formation 
name in 1871 when discussing the Tertiary as follows: 

There is one other basin near the sources of the Missouri which has already 
yielded many fossils of great interest, but which seems to be isolated from the others. 
This is what I have called the Judith basin, and inasmuch as it seems to be one of the 
ancient lake deposits, and characterized by a peculiar group of organic remains, I 
will designate the strata as the Judith group. The sediments do not differ materi- 
ally from those of the Fort Union group, and they contain impure beds of lignite, 

« Am. Jour. Sci., 2d ser., vol. 31, pp. 229-245. 

b Rept.Geol. Expl. of the Yellowstone and Missouri rivers by Dr. F. V. Hayden, 1869. See pp. 12, 
69. 93, and 94. 
e Prelim. Kept. U. S. Geol. Survey of Wyoming, p. 97. 
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fresh- water Mollusea, ami a few leaves of deciduous trees. But the most remarkable 
feature of this group is the number and variety of the curious reptilian remains, of 
which we have only yet caught a glimpse. 

In 1875 the announcement was made independently by Meek" and 
by Hayden* that the marine sandstones near the mouth of Judith 
River whose position had so long been in doubt had been correlated 
by means of fossils with the Fox Hills. This correlation was based 
on the discovery of a fauna in a sandstone occurring at several locali- 
ties in the South Platte Valley within a few miles of Greeley, Colo. 
The sandstone was referred to the Fox Hills, doubtless correctly, on 
account of its position at the top of the marine Cretaceous and beneath . 
the Laramie, and because a large majority of the seventeen molluscan 
species recognized in it were known to be characteristic of the Fox 
Hills elsewhere. With these Fox Hills species there were four forms, 
Tancredia americana, Cardium itpeeimum, Mactra forntom, and Mactra 
(dta, that had previously been known only from the Judith River coun- 
try, in sandstones that we now refer in part to the Claggctt formation, 
though part of the species range down into the Eagle. Meek says: 

From this blending together of the Fox Hills species and those of the marine 
Cretaceous beds found at the mouth of Judith River on the Upper Missouri it ia evi- 
dent, I think, that we can not be far wrong in regarding the latter beds as holding 
a position at the horizon of the top of the Fox Hills group. 

The correlation was justified by the facts then available, but it is 
now known that some of these littoral species have a vertical range of 
many hundreds of feet and are not distributed throughout that inter- 
val in any one section, but recur whenever the conditions were suitable. 

In Meek's last work/ published in 1876, there is an excellent resumd 
of the stratigraphy, in which he says: d 

We have long regarded the Judith River beds as forming a distinct group older 
than the Fort Union deposits. 

He again identifies the beds underlying the Judith River as upper 
Fox Hills, and thinks it highly probable that the Judith River beds 
are Cretaceous, while the Fort Union may be Lower Eocene. 

Prior to this time E. D. Cope had begun his contributions to the 
discussion. In his paper entitled '"Synopsis of the Extinct Batrachia, 
Reptilia, and Aves of North America"* he Hsted the Judith River 
vertebrate fossils as Upper Jurassic species, probably meaning by that 
the Wealden. In I87± r he regarded the Judith River beds as the top 
of the Cretaceous and discussed them under the heading "Fort Union 
or Lignite group/' Three years later, after a field season in the area, 

a Bull. U. 8. Geol. and Geog. Surv. Terr., vol. 1, pp. 39, 40. 
'>ldem, p. 408. 

"A report on the invertebrate Cretaceous and Tertiary fossils of the up|KT Missouri country: Kept. 
IT. S. Geol. Surv. Terr., vol. 9. 
d Page xlvii. 

<Tran.s. Am. Philos. Soc., vol. 14, 1870, pp. 1-252. 

f Bull. U. S. Geol. and Geog. Surv. Terr., vol. 1, No. 2, pp. 6-8. 
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Cope" published his "Report on the Geology of the Region of the 
Judith River, Montana/' in which some stratigraphic and paleontologic 
details are given. The Judith River beds are treated as a distinct 
formation, about 500 feet thick, immediately overlying the Fox Hills, 
and the dark shales now included in the Claggett formation are called 
u Fort Pierre," while other areas of shales on the Missouri farther 
east, which doubtless overlie the Judith River, are not recognized as 
distinct or in a different position. The white sandstone of the Eagle 
formation is tentatively correlated with 44 No. 3," or Niobrara, on 
account of its stratigraphic position. Cope's view as to the age of 
the Judith River l>eds is expressed in the following quotation: 6 

The positive evidence, then, as to the age of the Judith River fauna is that it is 

Cretaceous, but, as might be supposed from its position, with some Tertiary affinities. 
******* 

I will remark in conclusion that it is probable that the Lignitic formation will 
come to be regarded as a primary division of the Cretaceous, and equivalent as a 
whole to all or part of the older marine series. It willinelmleassubdivisionsthe Judith 
River and Fort Union epochs, as already defined by Mr. Meek from the invertebrate 
fossils, and probably the Laramie or Bitter Creek epochs as distinct from them. 

Similar views as to the classification and stratigraphic succession of 
the beds were expressed by Edward S. Dana and George B. Grinnell, c 
who visited the region in 1875. They spoke of the disturbed condi- 
tion of the beds, but erroneously attributed it to the effects of local 
landslides, denying that there were any real faults or uplifts. 

The review given thus far is confined to work on the original area 
in Montana. Meanwhile, however, the area of similar formations not 
far to the north and west in Canada began to be investigated. The 
first paper having any important bearing on the present subject was 
by James Hector'' and was entitled "On the Geology of the Country 
between Lake Superior and the Pacific Ocean (between the Forty- 
eighth and Fifty-fourth Parallels of Latitude). " He gives a general 
section of the Cretaceous formations, at the base of which he places a 
great lignite- bearing group, including in it all the coal-bearing strata 
observed, although he admits that it may contain two distinct horizons, 
one Upper Cretaceous or Eocene and the other Cretaceous in the posi- 
tion assigned to it at the base of the section. His map extends as far 
south as Missouri Kiver, where all the areas now known to consist of 
Eagle, Claggett, and Judith River formations are colored as the low- 
est member of his section. 

The same region was more fully described in 1875 by Dr. George 
M. Dawson/ who then treated all the coal-bearing beds as Tertiary 

«Bull. U. S. Geol. and Geog. Surv. Terr., vol. 3, pp. o6. r >-697. 
ft Idem, pp. SK and 577. 

^Geological Report in Ludlow's Kept. Reconnaissance from Carroll, Mont., to Yellowstone 
National Park and Return, pp. 97-137, Washington, 1H7C. 
rfQuart. Jour. Geol. Soe. London, vol. 17, ISfil, pp. :JJ*JM45 and map. 

•"British North American Boundary Commission. Report on the Geology and Resources of the 
Region in the Vicinity of the Forty-ninth Parallel from the Lakeof the Woods to the Rocky Mountains. 
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and of the same horizon, though he recognized considerable differen- 
tiation in the widely separated areas and made stratigrapbic observa- 
tions that suggested a lower position for some of them. He speaks of 
the striking resemblance of the eastern (Souris River) area of Lignite 
Tertiary to the "typical Fort Union," while the badlands south of 
Wood Mountain have a somewhat different aspect, and westward from 
this point there is a gradual change until near the Buttes [Sweetgra>s 
Hills) the appearance is entirely distinct. This western area includes 
the beds that were afterwards described as the Belly River series, whose 
correlation with the Judith River beds is first suggested a in the fol- 
lowing words: 

Though I have not yet had an opportunity of comparing the fossils obtained in 
the western marine and brackish-water l)eds of the Tertiary on the forty-ninth par- 
allel with those from the Judith River beds of the Missouri, I have little doubt of 
the identity of the formations. The age of these Judith River beds has long been an 
unsettled question, and they have only lately been included by some geologists with 
the remainder of the Lignite Tertiary and called Cretaceous. Doctor Hayden was 
only prevented from calling them Fort Union Tertiary by the occurrence of certain 
vertebrate remains— the meaning of which is now letter understood. The litholog- 
ical resemblance between these beds of the line and those of the Judith River is close. 

A few vertebrate fossils are described in an appendix by Cope, who 
calls them Fort Union. Part of them are from Judith River beds on 
Milk River and the others from probably a much higher horizon near 
Wood Mountain. 

In 1881 Dawson 6 described the Cretaceous section of the Peace River 
region in Athabasca and named the Dunvegan sandstone, a partly non- 
marine formation, intercalated in the marine Cretaceous, which he 
correlated at that time with the Niobrara and later with the Belly 
River beds. Subsequent descriptions and references by McConnell'' 
and by Whiteaves d indicate that its exact position is still uncertain, 
and as it lies far north of the area we have examined it need not be 
further considered except to remark that it may represent either the 
Eagle or the Judith River formation. 

Dawson returned to a more detailed study of the western plains 
immediately north of the international boundary and soon discovered 
that a part of the beds he had previously grouped under the Lignite 
formation as Tertiaty really underlies marine Cretaceous shales 
referred to the Fort Pierre. This lower formation was called the 
Belly River series, and in the preliminary announcements* was corre- 
lated with the Dunvegan, and also doubtfully with the Niobrara. In 
the official report just referred to the section shows Laramie at the 

a Pp. 156, 157. 

fcAnn. Rept. Geol. Surv. Canada, 1879-80, p. 115b. See al9o Am. Jour. Sei., 3d Her., vol. 21, pp. 391- 
394, and Canadian Naturalist, new series, vol. 10, pp. 20-22. 
o Ann. Rept. Geol. Surv. Canada, 1890-91, n. s., vol. 5, pt. 1, pp. 54-55u. 
dTrans. Roy. Soc. Canada, vol. 11, 1893, sect. 4, pp. 9, 10. 

e Rept. Geol. Surv. Canada for 1880-81-82, pp. 1-23b, 1883. Trans. Roy. Soc. Canada, vol. 1, 1883, sect. 
4, pp. 42, 43. 
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top, consisting of the named subdivisions Porcupine Hills, Willow 
Creek, and St. Mary Kiver, succeeded below by unnamed yellowish 
sandstones and shaly beds, with a mingling of fresh-water and brack- 
ish or marine mollusks, still referred to the Laramie. Beneath these 
are Fox Hills and Pierre beds. The lower part of the section, beneath 
the Pierre, is described as follows: 

Kelly River aeries.— .Sandstone, shales, and sandy clays, generally of pale grayish 
tints. Marine anil fresh-water fossils. 

Series apparently underlying the last on the Bow and Belly, but on the strati- 
graphical position of which some doubt yet remains owing to the resemblance of its 
estuarine fauna to that of the Judith River. Brownish and yellowish sands and 
clays. 

The Judith Riv r er beds are treated as a part of the Laramie, and the 
correlation of the Belly River beds is indicated in the following state- 
ments: 

The i>ale beds underlying the Pierre in this region represent, with little doubt, 
the Dun vegan sandstones of the Peace River section. They are also evidently iden- 
tical with those described by Professor Cope as occupying a similar position on the 
Missouri [now known as the Eagle formation]. This subdi vision, which appears 
most probably to hold the position of the Niobrara in the Nebraska section, is there- 
fore one of great persistence in the Cretaceous. 

The same correlations are made in the paper published by the Royal 
Society of Canada. 

In 1884 Dawson a extended the Belly River beds downward to 
include the }^ellowish and brownish sands and clays with a Judith 
River fauna, and repeated the correlation of the upper part of the 
formation with the Eagle sandstone, while suggesting a lower position 
for the Judith River beds. He says: 

The upper part of the Belly River series evidently represents the pale, sandy t>eds 
which occur on the Missouri in a similar position with reference to the Pierre; and 
the latter holds coal or lignite at the base in this district, as described by Prof. K. I). 
Cope, on that river. 

In reference to the fossils, he makes the following very proper 
suggestion: 

The fossils of the Belly River series have not yet l>een critically examined; but their 
resemblance to those of the Judith Kiver is ho complete that I am strongly inclined 
to revert to Messrs. Meek and Hayden's original views respecting the stratigraphy 
of the latter beds and to suggest, though with some hesitation, that the species 
figured on pis. 37-39 of Meek's work on the Cretaceous and Tertiary fossils of the 
upper Missouri, as from a peculiar development of the Fox Hills group, have really 
been derived from beds underlying the Pierre. 

The species referred to are from near the mouth of Judith River 
and are now known to have come from the Claggett and Eagle forma- 
tions. 

a Science, n. s., vol. 3, pp. 647, 648. 
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Dawson's final report" on the region in the vicinity of How und 
Belly rivers. Northwest Territory, published in 1N85, gives detailed 
descriptions of the Belly River and associated formations and a full 
statement of the evidence for its accepted stratigraphie position 
beneath about 830 feet of marine Cretaceous correlated with the Fort 
Pierre and Fox Hills. The area mapped extends from a few miles 
south of the international boundary to latitude 51° 20' and from longi- 
tude 110° 45' to the Rocky Mountains. The Belly River beds are rep- 
resented as covering a large area, broadening southward across the 
eastern portion of the map. West of this area of Belly River beds 
overlying formations occupy a low, broad syncline, while in the 
uplifted belt along the foothills of the Rocky Mountains all the Cre- 
taceous formations are mapped tegether under one color, because the 
complex region was not studied in sufficient detail. In the general 
section Dawson assigns maximum thicknesses to the formations as 
follows: To the members of the Laramie 5,750 feet; Fox Hills, 80 feet; 
Fort Pierre, 750 feet; Belly River, 910 feet; "Lower dark shales," 
800 feet. 

The conclusions as to the Belly River and Judith River beds are 
summarized in these words: 6 

Briefly stated, it would appear from the investigations now reported on that consid- 
erable areas of the l>ed8 which in 1874 I called "Lignite Tertiary" — here and in «# 
previous announcements designated as Belly River series— must be relegated to a 
position below the Pierre shales, or at least to one. below an upper portion of these 
shales. The l.ieds thus separated as the Belly River series were, in 1875, by me cor- 
related with the Judith Kiver series of the Missouri. Additional and extensive 
collections of fossils since obtained and now being worked out confirm and strengthen 
this correlation and lead to the presumption that the so-called Judith River series 
must also occupy a position well down in the undoubted Cretaceous. It may be 
added that this was the view originally held by Messrs. Meek and Hayden, and sup- 
ported, it would appear, not alone on the supposed analogies of the vertebrate 
remains examined for them by Professor Leidy, butalsoon stratigraphical evidence- 
evidence which perfectly agrees with the impressions resulting from such cursory 
examination as I was able to make of the Missouri sections from the deck of a 
steamer while ascending the river in 1881. 

An incidental reference in a footnote on page 122c makes it evident 
that Dawson still failed to discriminate between the Easfle and the 
Judith River formations on the Missouri, and he did not recognize any -< 
horizon in his area corresponding to the Eagle formation. It seems 
remarkable that this formation, which is so well developed on the 
Missouri only about 75 miles south of the Canadian boundary, should 
disappear completely from the sections in the Swcetgrass Hills and 
along Milk River near the boundary. Several facts gleaned from 
Dawson's careful descriptions and from the subsequent paleontologic 
report c favor the suggestion that the Eagle sandstone really occurs 

aficol. Surv. Canada. Kept. Prof?, for 1SS2-1SS-1, pp. 1-W«k: and map. 
Mdi-m, p. 119c. 

«M\>nt. Canadian Pala-ont., vol. 1. pt. 1. IKXn. 
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here and has been referred to the Belly River. The castellated sand- 
stones along Milk River between Verdigris Coulee and Dead Horse 
Coulee, as described on page 40c and as figured'' in an earlier report, 
resemble the Eagle sandstone much more closely than any part of the 
Judith River or any other horizon in the general region. This same 
sandstone horizon was recognized in Rocky Spring Ridge and on the 
west flank of West Butte (Sweetgrass Hills) resting on dark shales 
which at the last-named locality have an estimated thickness of 800 
feet. Now, this thickness is much too great for the shales of the 
Claggett formation, which underlies the Judith River and is the same 
as that of the Fort Benton shales beneath the Eagle. Dawson 
expressly states* that the dark shales of these two localities do not 
agree very satisfactorily with those farther east on Milk River, at the 
mouth of Pakowki Coulee, which we now recognize as belonging to 
the Claggett formation, and the fossils reported from them at both 
West Butte and Rocky Spring Ridge include Baeulite* asper and 
Scaphites warreni, of which the latter especially is a characteristic 
Fort Benton species. As the writers have not visited the localities 
nor seen the fossils in question, they can only suggest that possibly 
the structure has been misinterpreted and that part of the area mapped 
as Belly River really belongs to the Eagle formation. 

The invertebrate fossils of the Belly River beds and associated for- 
mations have been described by Prof. J. F. Whiteaves,' and the fossil, 
plants have been treated by Sir William Dawson,' 7 with stratigraphic 
notes by Dr. George M. Dawson. Their general conclusions as to 
the evidence of the fossils are expressed in the following quotations. 
Whiteaves says: 

Judging by their respective invertebrate faunas, it would seem impracticable to 
separate the "Belly River series" from the Laramie, ami more especially from the 
"Judith River group," on purely paleontological evidence. e 

The invertebrate fauna of the "Belly River series" seems to be essentially the 
same as that of the "Laramie" of the United States and Canada, unless more 
than one formation has been confounded under the latter name, and * * * it is 
at present scarcely possible to separate the "lower dark shales" of Doctor Daw- 
son's Bow and Belly River report from the " Fort Pierre and Fox Hills" groups, on 
purely paleontological grounds./ 

Sir William Dawson states in the first and third papers cited that 
u it scarcely seems possible to distinguish by fossil plants alone the 
lower Laramie beds from those of the Belly River." He also remarks 
that the Dunvegan series of the Peace River region probably corre- 

« Rept. Prog, for 1880-1882, frontispiece of Doctor Dawson's report. 
fcGeol. Surv. Canada, Rept. Prog, for 1882-1884, p. 125c. 
cCont. Canadian Palaeont., vol. 1, pt. 1, 1885. 

dTrans. Roy. Soc. Canada, vol. 3, sec. 4, pp. 1-22, 1886. Idem, vol. 4, sec. 4, pp. 19-34, 1887. Amer- 
ican Naturalist, vol. 22, 1888, pp. 953-959. 
*-Cont. Canadian Palseont., vol. 1, pt. 1, 1885, p. 55. 
/Idem, p. 89. 
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spouds in time with the Niobrara. The paleontologic evidence and 
relationships will he fully discussed on later pages. 

Additional areas of Belly River beds on the east and north of Daw- 
son's area were described and mapped by R. (i. McConnell" and by 
J. B. Tyrrell, 6 respectively, who confirmed Dawson's conclusions con- 
cerning the stratigraphic position of the formation so far as the over- 
lying beds were concerned, but still left the exact age of the underly- 
ing formation undetermined. 

In the United States the discussion concerning the age of the 
Laramie continued long after Meek and I lay den's publications ceased; 
and since the Laramie was generally held to include or to be the equiva- 
lent of the Judith River beds, the age of the latter was frequently 
involved in the discussion. The paleobotanists Newberry, Lesque- 
reux, and Ward contributed many articles to this controversy, but 
they had no direct bearing on the Judith River question because no 
definitely described fossil plants were known from the Judith River 
beds. 

From 1877 to 1891 Dr. C. A. White published many papers in 
which the invertebrate paleontology and the geologic relations of the 
Judith River beds are more or less fully treated. At tirsf 7 the 
Judith River was treated as a separate formation immediately under- 
lying the Fort Union and holding the same relative position as the i 
Laramie in southern Wyoming, but in the following year the term 
" Laramie" was used in a broader sense, as follows: 

The I^aramie group includes as either subordinate groups or regional divisions 
both the Judith River and Fort Union series of the Upper Missouri River; the Lig- 
nitic series east of the Rocky Mountains in Colorado; the Hitter Creek series of 
southern Wyoming and adjacent parts of Colorado; and also the Bear River Estuary 
beds, together with the Evanston coal series of the Valley of Bear River and adjacent 
parts of Utah/' * * * 

Some of the known portions of this great group doubtless represent different 
stages of the Laramie period, but the members just designated are, as a rule, 
understood to represent different geographical developments of its strata with 
modifications of its fauna rather than separate successive epochs of time in the 
geological period which is represented by the whole great group. The proof of the 
identity of these widely separated portions of the Laramie group consists in the 
recognition of various species of fossil mollusks in all of them that are found in some 
one or more of the others, thus connecting the whole by faunal continuity. Similar i 
proof has also been obtained by Professor Cope in the discovery of certain species of 
vertebrate fossils in more than one of these geographical members of the Laramie 
group. ' 

So far as the Judith River, Fort Union, and Bitter Creek beds are 
concerned these views are consistently held in all of White's subse- 

« Ann. Kept. Geol. Surv. Canada, n. vol. 1, IKHti, pp. l-7Kc. 
<>Idcni, vol. 2, pp. 1-152B, 1887. 

f Bull. U. 8. Geol. and Geog. Surv. Terr., vol. 3, 1877, pp. 608-009. 
rfldem, vol. 4, 1878, p. 721. 
« Idem, p. 866. 
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quent papers. In 1883, accompanied by Prof. Lester F. Ward, he 
visited the Judith River and Fort Union areas along the Missouri, but 
he did not see any reason for changing" the later conclusions of Meek and 
Hayden and of Cope, and his stratigraphic observations were not fully 
published. Concerning the Fort Union area he made the following 
statement:" 

During the summer of 1882 I gave especial study to the geology of the region about 
Fort Union, extending up the Yellowstone Valley, and including all the localities 
from which Doctor Hayden obtained the fossil plants here referred to [Fort Union 
plants descril>cd by Newberry]. The result of that study has been to ascertain that 
only one formation, namely, the characteristic Fort Union group, which is nothing 
more or less than a part of the great I^ramie group, occupies that whole region. 
That is, with the exception of one or two small exposures of the Fox Hills Creta- 
ceous group, upon which the Laramie strata rest conformably, no other than Uiramie 
strata are to be found there. 

In the excellent correlation paper on the Cretaceous, White 6 gave a 
general discussion of both the Laramie'' and the Belly River' 7 forma- 
tions, with a review of the literature. He still included the .Judith 
River, Fort Union, etc., in the Laramie and held that it was deposited 
in a great land-locked sea of mainly brackish waters. 

Concerning the Belly River beds he states that 4 4 certain observed 
conditions of strata exposed along the Missouri River in northern 
Montana apparently indicate its presence there. It also seems not 
improbable that some of the strata in the upper part of the valley of 
the Musselshell River, in Montana, which have been referred to the 
Laramie/ really belonged to the Belly River formation.'' The first 
reference is evidently to the occurrence of the Eagle formation 
between Fort Benton and Judith, and the second reference is probably 
to an actual occurrence of Judith River beds which will be referred to 
again. The position of the Belly River formation is thus stated: 

The marine strata which overlie the Belly River are certainly referable to the Mon- 
tana formation, but whether they represent the whole of that formation or not it is 
at present impossible to say. That is, it is not yet certainly known whether the 
Belly River formation is interposed between the top of the Colorado and the base of 
the Montana, or between a large upper and a small lower part of the last-named 
formation. The former condition is assumed to exist, although it is not yet certain 
that some of the fossil species discovered beneath the Belly River strata do not also 
occur in the Montana formation. 

From the intimate relationship between the Belh' River and Laramie 
faunas, especially the specific identity of certain gill-bearing Mollusca 
in both, White inferred that there must have been physical continuity 
between the formations. The assumed relations of the Bellv River to 

" Am. Jour.Sci., 3d ser., vol. 26, 1SS3, p. 121. 
''Bull. U.S. Geo!. Survey No. 82, 1891. 
" Pages Hf>-163. 
rf Pages 173-177. 

'See Llndgreu, W'., Tenth Censtw of the United States, vol. 15, pp. 7-4»-74«i. 
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the associated formations arc shown diagrannnatically by represent in*:' -< 
the Belly Kiver formation as a wedge inserted between the Colorado 
and Montana groups, gradually thickening so as to replace more and 
more of the Montana, until in some hypothetical area it becomes con- 
tinuous with the overlying Laramie and is not separable from it. 

In 1880 Mr. VV. Lindgren" published a description, with sections, of 
a region between the Yellowstone and Musselshell rivers in Montana 
that is now known to contain Judith River beds. The section as 
described is remarkable for the very great thickness (8,600 feet) of 
beds assigned to the Laramie, and for the intercalation of marine beds 
with FUtcentlceritH and Bavulites within the I^aramie. The writers 4 
have traveled along the line of Lindgren's section that extends north- 
easterly from Billings, and according to their interpretation the sand- 
stone forming the cliffs at Billings, which he referred to the Fox Hills, 
really belongs to the Eagle formation, and his Laramie must include 
the Claggett, Judith River, and Bearpaw, as well as the Laramie and 
probably some overlying formations. 

Cope* briefly discussed the Belly River beds of Canada in 1887. He 
stated that the flora and the fauna, vertebrate and invertebrate, are 
identical or nearly so with the Laramie, and expressed a suspicion 
that there had been some error of observation. 

About this time horned dinosaurs began to be recognized at various < 
localities in the West, and the beds 3'ielding them were called by Prof. 
O. C. Marsh* Cera tops beds and referred to a single horizon of the 
Laramie. Mr. J. B. Hatcher, who had done the field work in collect- 
ing the vertebrate faunas of these beds, maintained that there was 
paleontologic and stratigraphic evidence that they include at least two 
horizons. His views are expressed in the following quotations: d 

The actually known area of the Ceratops beds is indeed very limited, and from 
these areas we should exclude certainly the Judith River or upper Missouri, and 
very likely the Black Butte locality in southwestern Wyoming. The beds of the 
former certainly and those of the latter almost certainly belong to an older horizon 
than those of the Denver or Converse County localities; the latter maybe consid- 
ered as the typical locality for the Ceratops beds. All of the dinosaurs from the 
Judith River country are smaller, less specialized forms than those from the Converse 
County and Denver localities, as has already been olwerved by Marsh. 

Speaking of the Converse County locality, he says: 

It would doubtless be better to restrict the limits of the Cerato[>s beds to those 
strata in which horned dinosaurs occur, and to consider the underlying 400 feet of 
l>arren sandstones as the equivalent of the Judith River l>eds. * * * 

The terms Fox Hills and Tjaramie as now used can not be taken to represent dis- 
tinct and different periods of time, for, as has been shown by U. M. Dawson, 

a Tenth Census I'nited States, vol. 15, pp. 743-740. 

b American Naturalist, vol. 21, 1887, pp. 171,172, and 445-462. 

e Am. Jour. Sei., 3d scr., vol. 38, 1889, p. 501. Marsh definitely referred the Judith River beds to the 
same horizon as the Ceratops beds of Converse County, Wyo., in the Geology of the Denver Basin: 
Mon. U. S. Oeol. Survey, vol. 27, 1896, p. 478. 

rf American Naturalist, vol. 30, 1890. pp. 1 Iti. 117. 4 
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Sclwyn, and MeOonnell in the Belly River region in Canada, and frequently 
observed by the writer on the upper Missouri in Montana, marine beds with typ- 
ical Fox Hills fossils have l>een found interstratitied with fresh and brackish water 
beds containing characteristic Laramie fossils, showing conclusively that the two 
periods were in part at least contemporaneous; the one representing the marine 
and the other fresh or brackish water forms existing at the same time and in not 
widely separated regions, these alternations in the nature of the fauna in the same 
locality having been brought alxjut by successive encroachments and recessions of 
the 



In 181)6* Mr. Whitman Cross 0 discussed the age of the Arapahoe and 
Denver formations and referred to related beds in other regions, 
especially those yielding horned dinosaurs. He suggested that "the 
Judith River strata may perhaps represent the Arapahoe or some other 
post-Laramie formation, and not the true Laramie of Colorado and 
Wyoming."" He quoted from the manuscript notes of Mr. T. W. 
Stanton the description of a section on Dog Creek, near Judith, Mont., 
which includes the lower 300 feet of Judith River beds and underly- 
ing strata then referred to the Fox Hills, but now designated as the 
Claggett and the upper part of the Eagle formation. 

Mr. W. II. Weed 6 has described the section in the region of the 
Crazy Mountains between Yellowstone and Musselshell rivers, where 
the Judith River beds are now known to exist, but he failed to recog- 
nize the formation. It is very probable that the brackish- water fos- 
sils cited c as cominy; from the Livingston formation north of the 
Crazy Mountains were collected from an outcrop of Judith River 
beds. 

In the Fort Benton folio/' published in 1800, Weed named and 
described the Eagle formation, stating that it rests on the Colorado 
shales and is overlain by 2,000 feet of marine beds referred to the 
Montana formation, and that it has yielded fossil plants similar to 
those of the Belly River beds. The area mapped on the Missouri is 
west of all the outcrops of Judith River beds. 

A few fossil plants from the Eagle formation near '"Coal Banks" on 
the Missouri were described by Dr. F. H. Knowlton* in treating the 
flora of the Montana formation. These were described as Bell}' River 
species, and in justification of this correlation a brief manuscript note 
by Stanton, giving his views on the stratigraphy and correlation of 
that part of the section, was published. The concluding portion of 
Stanton's note is as follows: 

It is evident from the stratigraphy and from the marine invertebrate fauna of the 
underlying and overlying strata that the sandstones and the associated coal beds and 

« Geology of the Denver Basin: Mon. U. S. Geol. Survey, vol. 27, pp. 239-241. 

'•The Laramie and the overlying Livingston formation in Montana: Bnll. U. S. Geol. Survey 
No. 10'), WW. The Fort Union formation: Am. Geologist, vol. IS, 1896, pp. 201-211. 
i' Bull. I". S. Geol. Survey No. 10ft. p. 33. 
•'Geologie Atlas of the United States, folio 5ft. 

'Bull. I". S. Geol. Survey No. 163. 1900. This paper wa* submitted for publication before the Fort 
Benton folio was issued, and consequently the name Eagle is not used for the formation. 
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plant-bearing horizons in the neigh borhood of Coal Hanks on the Missouri River are 
on essentially the name horizon to which the Belly River series was assigned by Dr. 
(i. M. Dawson, ami to which a part of the Canadian beds so named undoubtedly 
belong. But in Doctor Dawson's full ami careful description of the Belly River 
series it is pointed out that in certain areas referred to that series the stratigraphy i« 
not clear, and the beds may overlie the Montana shales instead of underlying them. 
It happens that most of the Belly River fauna, which consists chiefly of Laramie 
species, was collected in those doubtful areas. I suspect that in Canada two distinct 
formations, separated by marine beds, have been confused under the term Belly 
River series, and that a large part of the fauna, and possibly also of the flora, was 
collected from the upper horizon, which included the Laramie and possibly even 
later beds. 

In 1902 Mr. Earl Douglas" described a formation under the local 
name Fish Creek beds, which he correctly correlated with the Belly 
River. The locality is a few miles east of the Craz}' Mountains area 
previously described by Weed. The Eagle formation also occurs in 
the section, but wtis called Niobrara. 

In the same year the vertebrate fauna of the Belly River beds in 
Canada was reviewed and described by Prof. H. F. Osborn*and Mr. 
L. M. Lambe, the former contributing the general discussion and the 
latter the paleontologie descriptions. The conclusions as to correla- 
tion and stratigraphic position were more concisely stated in an 
abstract by Osborn," from which the following brief extracts are taken: 

The [Canadian] Survey had established beyond question, geologically, that the 

Belly River series is mid-Cretaceous, that it underlies the Montana or Fort Pierre- 

Fox Hills group, and overlies the Fort Benton and Dakota groups. * * * It soon 

appeared * * * that the Belly River vertebrates were of decidedly different and 

apparently of older type than those from the Laramie beds of Converse County, 

Wyo., descried by Marsh, and were rather to be compared with those described by 

Leidy, Coj>e, and Marsh, from Montana, chiefly from the Judith River beds, which 

overlie the Fort Pierre in a region by no means distant geographically. 

******* 

The fossil land vertebrates hitherto descril>ed from Montana probably are, in part 

at least, of mid-Cretaceous or Belly River age, although the true Judith River beds 

certainly overlie the Fort Pierre and are of more recent age. 

Hatcher commented on the paper last cited, correcting a statement 
concerning the locality of certain fossils, and giving reasons for 
believing that the stratigraphic position of the Judith River beds is 
lower than the horizon to which he assigned them in 1896. Stanton * 
replied to this note, asserting that the formation in question overlies 
the Pierre and Fox Hills, called attention to the Eagle formation, and 
again suggested that two or more horizons may have been confused in 
the Belly River beds of Canada. 

"Vtoc. Am. I'hilos, Soc, vol. 41, pp. '210, 211. The section is partly described in an earlier note. 
(Science, n. s., vol. 15, 1902, pp. 31-32.) 

'•On Vertebmta of the mid Cretaceous of the Northwest Territory: Cont. to Canadian 1'alseont., 
vol. 3, pt. 2, 1902. 

« Science, n. s., vol. 10, 1902, pp. 673-676. 

d Mem, pp. 831-832. 

t Idem, pp. 1031-1032. 
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Prof. S. W. Williston" contributed to the discussion in a note on 
the Laramie of Converse County, Wyo., holding that these deposits as 
well as the Judith River are eon temporary, in part at least, with the 
Fox Hills, and that the fauna presents in some respects li a startling 
resemblance to that of the Judith River and Belly River series. " 

Additional notes bearing on various phases of the discussion were 
published during 1903 by Osborn, 6 Hatcher, c C. H. Sternberg,'' and 
O. I*. Hav,' and ending 1 with a brief note by Hatcher and Stan- 
ton ' on u thc stratigraphic position of the Judith River beds and their 
correlation w T ith the Belly River beds," in which they give the prin- 
cipal results of the field work which is fully described in the present 
paper. 

DESCRIPTION OF JUDITH RIVER BEDS, BY AREAS. 

ORIGINAL AREA. 

GENERAL FEATURES. 

The history of the exploration of the region along Missouri River 
near the mouth of Judith River and of the description of its geologic 
and topographic features by Dr. F. V. Hayden has been briefly 
given in preceding pages. While some of Doctor Haydeirs deter- 
minations and correlations have since been shown to be erroneous, 
as was to be expected from the pioneer nature of his work, the reader 
of his most extended sketch, 5 ' if familiar with the region, can not fail 
to be impressed with his ability as an observer and the fidelity and 
clearness with which he describes the chief geologic features of the 
country. 

The following extracts from Doctor Hayden's paper are quoted hero 
as bearing directly upon the stratigraphic limits and geographic dis- 
tribution of the Judith River beds as originally understood and defined 
by that author: 

Near the mouth of the Judith River, not far from the sources of the MiBBouri, in 
latitude 47° longitude 109° W, is a wild, desolate, and rugged region which I 
have called the " Bad Lands of the Judith," in contradistinction to those of White 
River. No other portion of the upper Missouri country exhibits the effects of erosion 
and denudation on ho large a scale, and to add to the picturesque effect of the country 
the variegated strata are distorted and folded in a wonderful manner by the action 
<>f the subterranean forces that have elevated the mountain masses in the vicinity. 
The surface of the country occupied by the deposit I am aliout to describe is cut up 
into ravines and canyons, with nearly vertical sides, rising to a height of 400 to t>00 
feet above the bed of the river, with scarcely a tree or shrub to greet the eye of the 



"Scii-nce. n. vol. 16, 1902, pp. 9;">2-9. r >3. 

Mem, vol. 17, pp. 366,357. 
<• Mem. pp. 471. 472, and Am. Geolo^isl, vol. 31, pp. :J6<>-375. 
•'Srietiee, n. vol. 17. pp. H70-872. 
f Am. Ceolopist. vol. 32. pp. 115-120. 
/Science, n. s..v<>l. IS. pp 211-212. 

crTruus. Am. Philox. S.m-.. I860, pp. 123-13S, with a m»ip. 
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explorer. A few scattering pines cap the summits of the hills ami <lraw a scanty 
nourishment from a thin, dry soil, but it may he regarded for the most part as an 
inaccessible desert suited only as a retreat for the buffalo and mountain sheep. 

The area occupied by this peculiar basin I could not determine with precision, hut 
have estimated it at about 40 miles from east to west and from 15 to 30 from north 
to south, and it is separated into two nearly equal portions by the Missouri. The 
Judith River rises in the Judith Mountains, pursues a course nearly due north, for 
the most part through Cretaceous strata, and empties into the Missouri in latitude 
48°, longitude 106°. The Judith River forms the north [western] l>oundary of this 
basin. The Muscleshell River also rises near the Judith Mountains, but takes a 
course a little east of north, flows through Cretaceous formation No. 4, and empties 
into the Missouri near latitude 47° W and longitude 108°. That portion of the "Bad 
Lands" which is formed of the estuary de|>osit under consideration lies lietwecn 
these two streams. Al>out .'10 miles north of the entrant** of the Judith River into 
the Missouri is the Bear's Paw Mountain, a small range, the highest peak of which 
is elevated alnait 2,000 feet. On the same side of the Missouri and in nearly a north- 
easterly direction are the Little Rocky Mountains, a range similar to the Rear's Paw, 
though apparently disconnected from it. On the south side of the Missouri, alxmt 
15 miles southwest of the mouth of the Judith, the Square Buttes may be seen rising 
400 or 500 feet above the surrounding prairie, and are the nearest upheaval of trap- 
pean rocks to the Missouri in this region. From 30 to 50 miles south is quite an 
extensive range, called the Judith Mountains, which liave not yet l>een explored 
geologically. Here comparatively small local upheavals seem to represent the dying 
ont of the intense subterranean forces which uplifted the vast Rocky Mountain chain. 
It will be important to understand the geographical position of these mountains in 
order to fully appreciate the sounres of the power which has disturbed the strata of 
the more recent fossiliferous rocks, a j>oint which will be again referred to in this 
paper. 

Lewis and Clarke, in their interesting account of an expedition to the sources of the 
Missouri, gave a brief but accurate description of the physical features of this remark- 
able region, but dwell more in detail on the picturesque portions near the "Stone 
Walls," which are composed of a basis strata upon which the estuary deposits of the 
"Bad Lands" of the Judith rest, which are doubtless of the age of Cretaceous 
formation No. 1, or upper Jurassic. 

In the above description there are some errors relating to the 
geography, such as the statement that Musselshell River rises near 
the Judith Mountains; and the sandstones ("Stone Walls" of Lewis 
and Clarke) upon which, according to Hay den's statement, the estuary 
deposits of this region rest, were erroneously identified witl*' Creta- 
ceous No. 1, although the} r are now known to represent the Eagle 
formation and to be immediately underlain by the Benton anjd over- 
lain by the Claggett formation. However, the stratigraphic }■ yiits of 
the Judith River beds are fixed with reasonable accuracy, tv trile the 
geographic limits of the type exposure is very accuratel; .-liied 
on the map accompanying his paper. . - 

From Doctor Hayden's paper and the personal observations of the 
present authors the original area of the Judith River formation may 
be defined as lying between the mouths of Judith River on i, 
and Little Rocky Mountain Creek on the east and extending . ^ 
north and south of Missouri River for an average distance of a! 
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miles. Throughout almost this entire region typical and characteris- 
tic exposures of these beds are everywhere observable. They rest, 
with at least apparent conformity, upon the darker-colored marine 
sandstones and shales of the Claggett format ion, and in certain favored 
localities are overlain by material resembling the typical Pierre shales, 
in this region known as the Bearpaw shales. As these shales are soft 
and friable they yield readily to erosion, and over large areas, espe- 
cially in the vicinity of Missouri River, where erosion has been most 
rapid, they have been completely carried away and the Judith River 
beds appear as the uppermost of the series. This fact, together with 
the resemblance between the lithology and fauna of the underlying 
marine sandstones and those of the Fox Hills sandstones in the regions 
farther south, for years caused many geologists to mistake the true 
stratigraphic position of the Judith River beds, and to refer them 
unhesitatingly to the Laramie. In certain localities, however, the 
Bearpaw shales have resisted erosion and are seen in their normal posi- 
tion conformably above the harder and lighter-colored beds of the 
Judith River formation. This is especially true on Cow Creek, a 
small northern tributary of the Missouri rising in the eastern end 
of the Bearpaw Mountains. At many places along this stream the 
Bearpaw shales rest upon the Judith River beds, and along the old 
Fort Benton and Cow Island trail between Cow Creek and the south- 
eastern extremity of the Bearpaw Mountains the Judith River beds 
are overlain by about 600 feet of these shales. 

The Judith River beds of this region consist of light ash-colored 
sandstones, alternating with usually darker colored and more friable 
shales and clays mingled with frequent seams of lignite, which in places, 
more especially toward the top of the series, attain considerable 
importance, not infrequently forming beds of fairly pure lignite with a 
thickness of several feet. The most important and most constant of 
this series of lignite seams occurs very near the top of the Judith 
River beds and is frequently overlain by a shell breccia from 1 foot 
to 3 feet thick, and in most instances is composed almost entirely of 
the shells of Ostrea subtrigmialis, although at some places Corhicula 
oytherifo mis, Corbula siibtrigonalis, and other brackish-water forms 
are common. 

The . >rage thickness of the Judith River beds in this region is about 
500 feet, 'f there is included in them the brackish (sometimes appar- 
ently v ' Oy marine) beds at the top and bottom of the series. These 
brackish beds are lithologically very similar to the intermediate fresh- 
water deposits, which are frequently rich in the remains of fresh- water 
Mollu? "a, and contain also in some abundance, but usually in a very 
>|itary condition, the bones and teeth of fresh-water fishes and 
x\s^cu*r and of terrestrial dinosaurs. Everywhere through these beds 

" 257-05 3 
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fossil plants are found in considerable abundance, but usually are not 
well preserved. 

The frequency with which the different strata of sandstones and 
clays replace one another, both laterally and vertically, together with 
the great disturbances that have taken place subsequent to the deposi- 
tion of the Judith River beds, renders it extremely difficult, if not 
impossible, to fix upon any definite horizons or strata within the limits 
of the fresh-water series that may be followed and recognized with 
certainty, even in reasonably adjacent sections. A detailed section 
taken at any point is of little value, since a similar section made at a 
distance of only a mile or two would give a quite different sequence 
of the alternating strata of sandstones and shales. 

Almost eveiy traveler has noted the complicated folding and fault- 
ing. Grinnell and Dana" attributed these disturbances to landslides 
due to the action of water, but Cope* pointed out the error of this 
view. No better description of the frequenc}' of these disturbances, 
and the difficulties they have caused the stratigrapher, can be given 
than that of Doctor Hayden, which is as follows : c 

It presents perhaps the most rugged scenery on the Missouri River, the denuda- 
tion and erosion having been much greater than at the Bad Lands of White River. 
But the most remarkable feature of this basin is the wonderful disturbance of the 
strata. So much are the beds disturbed and blended together by forces acting from 
beneath that it seems almost hopeless to obtain a section showing with perfect accu- 
racy the order of superposition of the different strata. 

EXPOSURES ON DOG CREEK. 

Although the deposits under consideration were named from Judith 
River, they are rather poorly represented on that stream. They 
are well shown in the bluffs of Dog Creek, a small tributary empty- 
ing into the Missouri from the south, about 2 miles below the 
mouth of Judith River. The exposures on Dog Creek and on the 
north side of Missouri River immediately opposite the mouth of Dog 
Creek have been most frequently visited by geologists and paleontol- 
ogists, and are therefore the best known of all the areas of the Judith 
River beds. Here, unfortunately, the beds are not of much value to 
the paleontologist, and are even more unsatisfactory to the strati- 
grapher, since the overlying Bearpaw shales are not adequately 
represented. 

Dog Creek, or Dog River, as it is given on some maps, rises in the 
Moccasin Mountains, a small outlier of the Judith Mountains. After 
leav ing these mountains it flows for perhaps 25 or 30 miles in a north- 
erly direction through a narrow and shallow valley with rolling, 
grass-covered table-lands on either side. At intervals along the banks 

'•Geol. Rept. in Ludlows'* Kept, on a Kcconnoissancc from Carroll, Mont., to Yellowstone National 
Park-. 1876. pp. 97-137. 
b Bull. U. S. Gcol. and Ueog. Surv. Terr., vol. 3, pp. 5G5-597. 
«Proc. Acad. Nat. Sci. Philadelphia, 1857, pp. 115-116. 
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of the stream and its tributaries and on the slopes of the steeper hills 
exposures of the sandstones and shales of the Judith River beds may 
be seen. About 12 or 15 miles above its mouth the stream leaves this 
comparatively open country and enters a deep, rugged canyon. The 
surrounding country now suddenty changes from a rolling, grass- 
covered plain to a wild, desolate, but picturesque region, deeply dis- 
sected by numerous canyons, presenting mile after mile of almost 
perpendicular walls with jutting headlands capped with spires and 
minarets or flanked perhaps by numerous pillars detached from the 
perpendicular sides of the canyon wall, each threatening at any 
moment to add its towering mass to the talus-covered slope below. 
About the crest of the bluffs are considerable forests of pine and 
spruce which formerly afforded a sufficient supply of fuel for the 
river steamers that plied between Fort Benton and the lower Missouri. 
A few of these trees may also be seen clinging even to the perpen- 
dicular cliffs of the canyon walls, while on the less rugged slopes 
there is a sparse and scattered growth of small shrubs and bushes 
belonging for the most part to the genus Artemwia. In favored 
localities, especially at the summits of landslides, where disturbances 
in the beds have formed small basins which receive and retain the 
moisture brought by heavy rains, the chokecherry, Prunmmrginiana, 
often forms considerable thickets. In the bottom of the canyons the 
banks of the streams are fringed with broad and long-leaved cotton- 
wood, while scattered about and often forming impenetrable thickets 
are buffalo or bullberry bushes. Such are the badlands of the upper 
Missouri. The nature of the topography made this region the last 
retreat for the larger game animals of this district. The inaccessible 
nature of the region afforded these animals their greatest protection, 
and they lingered here long after they disappeared from the surround- 
ing plains and mountains. This was especialty true of the deer and 
bighorn or mountain sheep, both of which animals were still abundant 
when the region was first visited by one of the present writers in 
1888. During our visit the past season, however, the mountain sheep 
seemed to have been nearly or quite exterminated, while only a few 
deer remained. 

Dog Creek flows through this badland country in a deep and rugged 
canyon until it emerges upon the narrow valley of the Missouri, about 
a mile above its mouth. The walls of the canyon on either side are 
composed for the most part of the light ash-colored sandstones and 
darker shales and clays of the Judith River beds. This is especially 
the case in the upper portion of the canyon. In the lower half of the 
canyon the darker buff-colored sandstones and dark sandy or black 
clay shales of the underlying Claggett formation constitute a con- 
siderable portion of the bluffs. For considerable distances the Judith 
River beds are nearly or quite horizontal, and conformably overlie 
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the Claggett formation in such a manner that it is difficult to determine 
where one formation ends and the other begins, although in the field 
a bed of yellowish brown sandstone varying in thickness from 1 foot 
to 20 feet or more was regarded as the upper limit of the Claggett 
formation. This bed of sandstone appeared fairly constant, not only 
in this, but in other areas of the exposures, and it was referred, to in 
our notes as the Tancredia sandstone, owing to the presence in it in 
considerable abundance of fossil shells belonging to that genus. From 
the persistence of this sandstone and from the fact that it marked the 
beginning of a decided change in the lithology of the underlying and 
overlying beds it would certainly form a convenient delimitation 
between the two series of deposits, and should perhaps be considered 
as the uppermost member of the Claggett formation, notwithstanding 
that in a number of instances typically marine fossils extended for 
some distance above in the basal members of those lighter-colored 
sandstones and shales usually referred to the Judith River beds and 
generally considered as entirely of fresh- or brackish-water origin. 

At frequent intervals along the canyon of Dog Creek the beds are 
much disturbed by faults and folds, and at several places not only the 
Claggett formation is exposed, but the underlying Eagle sandstones 
have been thrust up and appear as prominent cliffs. (See PI. II.) 

On the east side of Dog Creek 1 mile above its mouth the Eagle 
sandstones are seen near the bottom of the valley dipping westward at 
various angles. They continue to appear at frequent intervals for 2 
miles farther up the creek, and at a distance of 1 mile above the mouth 
of the canyon on the west side of the creek they cap the higher bluffs. 
In this vicinity the Eagle formation is composed of an upper and a 
lower stratum of light-colored, heavy-bedded sandstone, separated by 
a scries of lignites and shales, the latter near the bottom bearing 
Baeultteit and other marine invertebrates. Above the upper and below 
the lower strata of sandstones are arenaceous shales and thin-bedded 
sandstones and lignites. The upper of these bear Cardiuiit speciosum 
and Mactra aJta in great abundance. On the west side of the creek 
the crest of the divide between Dog Creek and Judith River is com- 
posed entirely of the Claggett and Eagle formations and the underly- 
ing Benton shales. The Benton shales are not well exposed in any 
section seen in this vicinity. 

At the point where Dog Creek leaves the canyon and opens into the 
valley of the Missouri, a prominent cliff or butte of upper Eagle sand- 
stones is seen on the east side of and not far from the creek. It is very 
fossiliferous, and from it the following invertebrates were secured: 

Species found on Dog Creek. 

Mactra alta. 
Mactra forraosa. 



Cardium speciosum. 
Tellina montanaensis. 
Baroda? sp. 

Callista sp. cf. C. deweyi. 



Lunatia subcrassa. 
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A little farther up and on the same side of the creek the following 
section was obtained: 

Section on Dog Creek. 

Feet. 

9. Lower Judith River beds with a heavy bed of brown sandstone at base resem- 
bling the Tancred'm sandstone mentioned above, but apparently destitute 
of fossils. The overlying lighter-colored beds yield many fresh-water 
invertebrates 200 

8. Black shales weathered in gentle slopes with numerous concretions contain- 
ing BticulUe* omtu*, Ptocentieem*, Inoeeramus, and other marine inverte- 
brates. The whole referred to the Claggett formation. The sandstone 
bands of the upper half with Tnncrrtfia, etc., are not well exposed in 
this section 300 

7. Cross-bedded, sometimes finely laminated, light-colored sandstones and fine 
conglomerates with harder layers and concretions weathering brown, and 
lenses containing C<tr<liuin »perumnn, Mactra alta, etc., especially abund- 
ant toward the top. An additional 20 feet of soft sandstones and arena- 
ceous shales forms the transition to the Claggett formation 100 

6. Light, soft sandstone and shale 90 

5. Arenaceous shale with 1 to 3 foot band of very impure lignite in middle 10 

4. Yellowish sandstones consisting at base of 1 to 3 foot band of hard sand- 
stones with ferruginous masses, overlain by 8 feet of finely laminated 
sands and thin lignite seams, passing above into 30-foot bed of yellow, 
massive, coarse sandstone with thin seams of lignite, overlain by 1 foot 
of lignitic sands, followed by 20 feet of soft buff sandstones GO 

3. Soft sandstones and shales consisting at base of 10 to 15 feet of soft, usually 
light-colored sandstones, passing upward into more shaly material having 
at top a few feet of light sands. More shaly layer yielded Phurnt terras 
whUjiehU 60 

2. Sandstone with Thetisf cireularis, Lepfoxolen, Harodn, PhoUulomija, Lunutia, 

Pku'fidlceras, Baatlites, etc., regarded as l>ase of Kagle 3-5 

1. Benton shales with very hard grayish concretions. Ixnver 40 feet consists of 
rather soft shales, the upper 35 feet of more arenaceous and harder 
shales; no fossils 75 

For a distance of between 5 and 8 miles from the mouth of Dog 
Creek the beds in the bluffs of the creek continue practically horizon- 
tal and undisturbed. The light ash-colored sandstones and shales of 
the Judith River beds are exposed to a thickness of from 300 to 400 
feet and form the greater portion of the canyon's walls, but the upper 
members of the Claggett formation are still seen at the bases of the 
cliffs. While in this portion of the canyon the rocks appear undis- 
turbed, not far to the east of the creek two prominent folds may be 
seen extending for several miles in a northwest-southeast direction, 
and along the crest of these the sandstones and shales of the Claggett 
formation appear flanked on either side by the Judith River beds. 

A little farther up Dog Creek, in undisturbed areas, the Claggett for- 
mation disappears beneath the bed of the stream and the bluffs of the 
canyon are formed entirely of the Judith River beds, which have a 
maximum thickness here of perhaps 500 feet and are composed below 
of alternating layers of light ash-colored sandstones and darker shales 
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abounding in numerous fresh-water Mollusca. Such invertebrates as 
Utn'o, Anodonta, Sphserium, Phym, PUinorhix, and GoniofxiMs are 
common, while the remains of Trachodtm, Veratops, Monoclvnius, 
Deinodon, Pfdxoscincus, hchyrotheriuin, Trixmyx, Kmy^ Crocodilus, 
Lepklotm, Myledaphm, etc., represent the vertebrate life of the period. 

Toward the top of the series the characteristic light-colored sand- 
stones and shales of the Judith River beds give way to darker-colored 
lignites and shales, which are usually overlain by a stratum of shell 
breccia or marl ranging from a few inches to 3 feet in thickness, and 
composed for the most part of the shells of Ontrea suhtrigorud-t^ indic- 
ative of brackish waters and a later return of marine conditions. 
These upper beds are well shown on Dog Creek where it leaves the 
grass-covered plain and enters the canyon, and also on its tributaries. 
In the plains country to the south the highest hills are capped with the 
Ostr&t subtrigonalU laj'er of the upper Judith River beds. The upper 
part of the Judith River beds in this region has the same general 
appearance as on Cow Creek, about the foot of the Bearpaw Mountains, 
near Havre on Milk River, and on Sage Creek in Canada. It is well 
shown on an eastern tributary of Dog Creek, where, a few miles from 
its junction with the main stream, a heavj 7 bed of lignite 5 to 10 feet 
thick is underlain and overlain by 10 to 15 feet of light, soft sand- 
stone capped by the Ostrm xubtriy&nalix layer, which in some places 
contains shells of Corhicula cytheriformix, Corhidamdrtrigmudix, (hml- 
obaxis convexd) etc., in considerable abundance. In some ' exposures 
there is a thinner bed of lignite above or below the main lignite scam, 
with an Ostrea layer immediately capping it. About 3 miles east of 
Dog Creek and on the south side of the tributarj r mentioned above the 
uppermost Ostrea bed is overlain by about 30 feet of black shales 
with concretions, but no fossils were found in them. These shales 
resemble very closely the Bearpaw shales, and doubtless represent the 
base of that formation. 

EXPOSURE8 ON BIRCH CREEK. 

Birch Creek rises in the Bearpaw Mountains and flows south, empty- 
ing into Missouri River nearly opposite the mouth of Dog Creek and 
about 2 miles below the mouth of Judith River. A short distance 
below the point at which it leaves the mountains it enters a canyon, 
which, like Dog Creek Canyon, is deep and rugged and is cut in the 
Judith River and underlying formations. Alx>ve this canyon the hills 
on either side of the creek are formed of the Bearpaw shale*. 

The creek leaves the mountains by two branches, the east and west 
forks, known respectively as Birch Creek and Little Birch Creek. On 
the east side of Little Birch Creek, near the foot of the mountains and 
just below the Fort Benton-Cow Island road, the Judith River l>eds 
are brought to the surface by a prominent northeast-southwest anti- 
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Looking toward Bearpaw Mountains. Shows full thickness of Judith River beds a»d iopjf^Cta^jjett formats. 
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if. BROKEN ANTICLINE OF EAGLE SANDSTONE ON NORTH SIDE OF MISSOURI 
RIVER I MILE BELOW MOUTH OF BIRCH CREEK. 
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cline and protrude from beneath the Bearpaw shales. On either side 
of this anticline the Judith River beds dip gently and soon pass l»eneath 
the Bearpaw shales. 

A few miles west of Little Birch Creek, 1 mile above the bridge on 
the east fork of Eagle Creek, locally known as Dog Creek, a ridge of 
Judith River beds runs in a northeast-southwest direction and dips 
northwesterly, toward the mountains, at a high angle and soon passes 
beneath the Bearpaw shales. 

Between the point where Birch Creek enters the canyon and Mis- 
souri River the adjacent country is deeply dissected. It is a typical 
badland region and presents all the features already described as pre- 
vailing in the badlands of Dog Creek on the opposite side of the 
Missouri (PI. Ill, A). The beds composing the canyon walls have in 
some places been much faulted and folded, often in such a complicated 
manner as to render difficult the determination of the proper sequence 
of the strata. 

One mile above its mouth Birch Creek has cut its way through a 
prominent anticline which extends for several miles in a north of west 
bj' south of east direction, and brings to the surface the Eagle and 
Benton formations. About 1 mile below Birch Creek this anticline is 
faulted and in the bluffs of a small canyon opening into the Missouri 
about 300 feet of Benton shales appear beneath an escarpment of yel- 
lowish-brown Eagle sandstones which here forms a most conspicuous 
topographic feature (see PI. Ill, B). At this locality the upper Eagle 
sandstone is in places very fossiliferous, and such forms as Cardium 
xpeciosum, Thetis (f) circular Callista, Lejdosolen , Baroda, Phola- 
domya, and Baculiies are very common. Above the Eagle sandstones 
are about 400 feet or more of shales and sandstones belonging to the 
Claggett formation. The lower 200 feet or more consist of dark shales 
weathering to soft clay on the slope and containing Baculites ovatus, 
Placenticeras whitfieldi, and GerciUia borealis. About 200 feet below 
the top of the formation is a band of brown sandstones and shales 
about 30 feet in thickness, with Avicula nebrascana {?), Sj>h&riola 
endotrachyx, Tancredia ainericana, Tellina equilateral is, and Lunatia 
subcraxsa. Above this bed are frequent bands of sandstone inter- 
calated in the shales, and one of these, about 160 feet higher and there- 
fore very near the upper limit of the formation, yielded practically 
the same fauna, as follows: Cardium xpecioxum, Tancredia ainericana, 
Sj)/uerio/a (/) endotrachyx, Mactra formoxa, Liojnxtha {Cymella) 
undid a, Lunatia Hiibcraxm, and Baculites sp. 

The upper portion of the Claggett formation is well exposed on the 
east side of Birch Creek 1£ miles above its mouth, at the first bend in 
the creek, just above the point where a difficult and little-used trail 
descends from the east. At this point about 20 feet of dark, sandy, 
and rather compact shale at the base are overlain by 10 to 15 feet of 
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yellowish -brown sandstone with sharks' teeth, TancmZla americana, 
and other invertebrates in abundance. Then come 30 feet of arena- 
ceous shales, followed by 5 feet of sandstone overlain bv 40 feet of 
shale. Then 3 feet of sandstone is separated by about 40 feet of shale 
from the 5-foot stratum of Tanvredia sandstone which has been taken 
as the upper limit of the Claggett formation. This exposure is well 
shown in PI. IV, /?, where the trees mark the limit between the 
Claggett formation and the overlying Judith River beds, which here 
have a thickness of 510 feet from the Tancredia sandstone at the base 
to the Otttrea suit rig onalis layer at the top. The overlying Bearpaw 
shales are not represented in this immediate region, having been 
entirely removed by erosion. It was from the sandstones near the 
base of the Judith River beds near the mouth of Birch Creek that 
Professor Cope in 1876 secured the type of Mwwchmhtx tTcixxus. 
From this point for a distance of 2 or 3 miles up Birch Creek the 
Judith River beds are quite undisturbed and present a continuous sec 
tion from their base to the Oxtrea suhtrigwudis zone. 

EXPOSURES ON MISSOURI RIVER BETWEEN BIRCH AND COW CREEKS. 

On either side of Missouri River between Birch and Cow creeks the 
country is deeply dissected and presents the appearance of a wild bad- 
land region (see PI. IV, A), As on the lower courses of Dog and 
Birch creeks, the rocks belong to the Judith Riverbeds and the under- 
lying Claggett formation, save at intervals where disturbances in the 
strata have brought to the surface the Eagle sandstones and underly- 
ing Benton shales. Everywhere in the vicinity of the river in this 
region the overlying Bearpaw shales have been removed by erosion. 
In places, however, not far from the river, especially on the south 
side near Cow Island, these shales overlie the Judith River l>eds, while 
they occur almost continuously along the old Benton and Cow Island 
trail along the southern foot of the Bearpaw Mountains between Birch 
and Cow creeks. From Bearpaw Springs, at the southeastern base of 
these mountains, this trail continues westward over the Bearpaw shales 
with only occasional exposures of the underlying Judith River beds at 
intervals in the bluffs of the coulees. At Black Coulee, about 0 or 8 
miles west of Bearpaw Springs, the Judith River beds outcrop from 
t>eneath the Bearpaw shales only a half mile below the point where 
the road crosses the bed of the coulee, and 1£ miles farther down 
the coulee is a larger similar exposure. At the upper of these two 
exposures a section on the east side of the creek shows at the top a 
1 -foot bed of shell breccia with Oxtrea xuhtrigoiudk, Corhtcula, Corhtda, 
and A/iomt'a, underlain by 20 feet of light sandy clays followed by 10 
feet of lignite underlain by an ash-colored sandstone with thin seams of 
lignite to bed of creek. These beds have a northerly dip of about 15° 
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and are overlain b}' the Bearpaw shales with nodules containing Bacxd- 
ites ovatus, Ptaeenticcras whitji-eldi, and Iiwceramus. At the next 
lower bend in the creek the beds are still inclined to the north, but in 
the succeeding exposure the crest of a low anticline appears, and below 
this the beds dip to the south and soon pass beneath the Bearpaw shales, 
which occupy a basin between this and the more important exposure 
of Judith River beds already spoken of as occurring farther down the 
creek. The upper exposures of these Judith River beds contain 
Ostrea subtrigonalix, Anomia gryphorhynchns, and Corliculu cytlier- 
i for mis, and a bed a few feet lower yielded Sph&riurn planum , Campe- 
lorna vetida, G on inlaws invenusta, and other fresh-water forms. 

Just to the left of the point where the Benton and Cow Island trail 
begins its descent into the valley of Sand Creek in going west toward 
Benton the upper Judith River beds dip northward at an angle of 30° 
and pass beneath the Bearpaw shales. A stratum of brown sandstone 
a few feet thick and about 100 feet below the top of the Judith River 
beds yielded Sphwi'ium planum, Sphmrium recticardinale, Goniobasis 
sublpevis, and Campeloma vetula(?). Farther down the creek better 
exposures of the Judith River beds are to be seen, and at several places 
along the Benton trail near the forks of Sand Creek the Judith River 
beds are overlain by the Bearpaw shales, while 2 or 3 miles still 
farther downstream extensive exposures of the Judith River beds are 
capped by the Bearpaw shales. 

EXPOSURES ON COW CREEK. 

Cow Creek flows in a deep, rugged canyon from a place a short dis- 
tance below the point where it leaves the Bearpaw Mountains to its 
confluence with the Missouri. On the east side of Cow Creek and at its 
mouth there is a prominent exposure of Eagle sandstone (see PI. V). 
At this point these sandstones have been uplifted and form a con- 
spicuous ledge extending for several miles in a nearly north-south 
direction and dipping to the west at an angle of about 45 . These 
sandstones at this locality yielded the type of (h^nithrmiinus grandis 
Marsh. Another nearly parallel and very similar exposure of the 
Eagle sandstones crosses 2 miles above the mouth of Bull Creek, a 
small tributary of the Missouri just below Cow Creek. 

The bluffs on both sides of Cow Creek for several miles above its 
mouth are made up largely of rocks belonging to the Claggett forma- 
tion overlain by the lighter-colored materials of the Judith River 
beds. The rocks here do not differ materially from those already 
described as belonging to the same formations on Dog and Birch 
creeks farther up Missouri River. At frequent intervals the beds are 
much faulted and disturbed and the underlying Eagle sandstones and 
Benton shales are exposed. 

Abouc G or 7 miles above its mouth Cow Creek is crossed by a dike 
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of igneous material, in places attaining a thickness of 10 feet. On the 
east side of Cow Creek about a mile below this dike is a section in 
which are exposed about 200 feet of Judith River beds overlain by 
the Bearpaw shales, and which is different from all other sections 
examined, as it contains a strictly marine horizon well within the 
limits of the Judith River beds. The section is as follows: 

Section on east ride of Cow Creek. 

Feet. 

12. Dark shales of the Bearpaw formation 200 

11. Similar ash-colored sands or arenaceous clays 25 

10. Ash-colored sands with many Ostrea mbtrigonalis 1 

9. Lignite 4 

8. Soft ash-colored sandstone 40 

7. Lignite 1-4 

6. Very soft buff sandstone 10 

5. Ash-colored arenaceous clays with bands and nodules of brown sandstone 

and occasional nodules of clay-ironstone in lower portion 40 

4. Yellowish, more or less lenticular sandstone with teeth of sharks and other 

fishes and bones of marine and fresh-water turtles 2-6 

3. Soft, friable, ash-colored argillaceous sandstone, the upper 2 or 3 feet con- 
taining numerous vertebrate remains, including sharks' teeth, mosasaur 
bones, vertebra* of Pakvoxcincus, hchyrolherinm, and a horn core of Cera- 

tops montunus (?) 30 

2. Yellowish sandstone weathering into large nodular masses 10 

1. Soft, friable, light-gray or ash-colored sandstones not well exposed. A band 
about 20 feet from the top yielded Leda, Xucula, Tellinu, Lwpistha ( (Sjm- 
ella) undata, Mnctra mtrrmana (?), Lunatia, and Placeidiceras (?). These 
are mostly not specifically determinable, but they indicate a strictly marine 
fauna 30 

The upper lignite and the Ostrea bed (Nos. 9 and 10) may unques- 
tionably be assigned to the horizon that has been recognized through- 
out this region as belonging near the top of the Judith River for- 
mation, and all of the beds below No. 12 must be assigned to that 
formation on account of their stratigraphic position and general lith- 
ologic character. The land and fresh- water vertebrates found 100 
feet below the Ostrea bed belong to the .Judith River fauna, while the 
marine mosasaur* found with them and the marine invertebrates 
occurring 60 feet lower show plainly that locally the condition* under 
which the formation was deposited were different from those that 
generally prevailed. As these marine beds appear to pass horizontally 
into fresh-water deposits within a short distance, it is probable that 
they were laid down in a narrow bay or inlet which was not very far 
west of the ocean. 

Farther up Cow Creek the Judith River beds form an increasing 
proportion of the walls of the canyon, and about 13 miles al)ove its 
mouth the bluffs are composed of them exclusively, save at intervals 
where disturbances have brought the underlying marine deposits to 
the surface. 
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About 10 miles above the mouth of Cow Creek, at the point where 
the old Fort Benton and Cow Island freight road leaves the creek and 
turns westward toward the Bearpaw Mountains, there is a conspicuous 
fault in the Judith River beds, which is shown on PI. VI, B. North 
of the fault for some distance up the creek and almost uninterruptedly 
westward to the base of the Bearpaw Mountains the Bearpaw shales 
conformably overlie the Judith River beds. This is the locality men- 
tioned by Hatcher a , where, in 1888, he observed about 400 feet of 
what appeared to be Pierre shales overlying the Judith River beds. 

Immediately south of the fault mentioned above, a prominent ridge 
composed of sediments belonging to the Judith River beds projects 
into the valley of the creek. The type of Ceratops montamts was 
obtained near the summit of this ridge, and the beds yielded also the 
remains of Trachodon mirabilix^ turtles, crocodiles, and fishes of 
Judith River types and a considerable number of fresh-water inverte- 
brates, including Unio danac, Unio primxvuH, Spltserium planum, 
Sphserium recticardtnale, GonUibanis invenwtta, Goniobasis judithemis, 
Physa copet\ Ifyalina occidental and Yalvata montanaemi*. 

Near our camp, at the point where a new trail enters the valley from 
the west, 2 or 3 miles above the point where the old Fort Benton 
and Cow Island trail leaves the valley, is an area that is extremely 
interesting and will therefore be described with some detail. On the 
summit of the bluff west of Cow Creek, just to the left of the Benton 
trail, a short distance above its junction with the new trail, is an 
important fault running N. 15° E. and bringing the Judith River 
beds up on a level with the Bearpaw shales. This fault strikes across 
the head of one of the tributaries of Cow Creek, and a mile or two 
below in the valley on either side of this tributary undisturbed Judith 
Riverbeds underlie the Bearpaw shales in a nearly horizontal position. 
An aneroid measurement gave a thickness of 585 feet for the Bearpaw 
shales, assuming them to be horizontal. Just above our camp, on Cow 
Creek, a sharp anticline crosses the creek in a northwest-southeast 
direction. Save for this local disturbance the Judith River beds in 
the immediate vicinity of camp on both sides of the valley of Cow 
Creek are undisturbed and lie beneath the Bearpaw shales. The 
base of these shales is here composed of about 25 feet of light-colored 
shales and sands, 10 feet of rather dark shale at base, and 15 feet of 
ash-colored arenaceous shales above, with numerous large clajstonc 
concretions weathering yellow. The sands contain Liopixtha 
(Oy nulla) undata, Mactrn warrenana, Lunatia xubcraxxa, and Placenti- 
cerax tnhitfieldi. Above these come 535 feet of typical Pierre (Bear- 
paw) shales with their characteristic fossils. Below these marine 
beds, at the base of the hill directly in front of our camp, are exposed 

uSf-k'tuv, ii. s., vol. i<;, my. pp. sai-*a2. 
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75 feet of the upper Judith River beds, consisting of 25 feet of ash- 
colored sandstones with numerous very large, irregularly conical brown 
sandstone concretions, underlain by 10 feet of lignite, very impure at 
base, which in turn is underlain by 40 feet of light-colored sandstones. 
These beds contain remains of turtles and dinosaurs. At the point of 
junction between the Judith River beds and the overlying Bearpaw 
shales there is a 1-foot stratum of shell breccia composed of Ostrea 
sithtriyonal-i* with Gonidhaxh con rem var. impresm, Panopaea sim ula- 
tri,i\ Corbula Kitbtrigonalix, Ajiw/u'k gryphorhynchnx^ Corbieuhi cytheri- 
fonn and Corbicula ' occidental i* ( i). The same horizon at another 
locality in the neighborhood yielded Viviparw* r/w/v/f// associated with 
Corbwulu, Oxtrea, and Arunnia. 

One mile below camp on the east side of the creek there is an 
important uplift, bringing up the entire Judith River series and several 
hundred feet of the lower marine beds. The section to which the 
Bearpaw shales are added from exposures west of camp is as follows: 



Section on eaxt xide of Co w Creek. 



Feet. Feet. 



5. llearpaw shales, including the marine light-colored Hands and 
shales at base, but not allowing for westerly dip, which, if 
continuous, as shown in front of exj»osure on west side of 
Cow Creek, would give a thickness of nearly, or quite, 700 
feet *. 560 

4. Judith River beds, the middle portion covered in ImmI of creek. 
One hundred and fifty feet of lower Judith River beds are 
continuously exposed in the upper section, and one-half 
mile east, where the Judith River beds are horizontal, a 
thickness of 490 feet was measured, but the base is not ex- 
posed at this point. A shale bed about 30 feet a1x>ve the 
base of the formation yielded many leaves of Trajxtf micro- 
phylla, together with abundant fresh-water Mollusca, in- 
cluding Spharium planum, Spltxrittm recticardinale, Phyxa 
coj>ei(f), and (Umiobaxix mdAortuoxa. Another horizon about 
.'MX) feet from the top, in the exposure one-half mile east of 
the section, yielded Sph.vrium planum, Anotlonta propatoris, 
Unio daiue(f), (mo priimevux, Valvata montanaemix, Hyalina? 
emnsi, Jlyalhuif oceidenialix, Planorbix amplerux, Phyxa vopei x 
Goniobusix suUortuom, and Goniobaxix gracilenta 490 

3. C'laggett formation : 

c. Light-colored shales or sandy clays with band of brown sand- 
stone containing Tancredia americana in middle. Top of 

marine 

b. Yellowish-brown sandstones, generally soft, but with harder 
layers and lenses, with Tancredia americana, Cardium specio- 
mm, Tellina equilateral ix, Liopixtha ( Cymella) uittlatu, Lunatia 

subcrami, Jiacidites sp., and fragment of vertebrate jaw 20 

a. Dark shales with concretions bearing BaculUes oratus, B. com- 
pressux, Xucula cancellata, I^eda ( Yoldia) emnsi, and Gerrillia 
Itorealix. These shales weather much as the Bearpaw, but 
with a reddish tinge. The concretions are different and 
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/.' UPPER PART OF JUDITH RIVER BEDS WITH HEAVY BED OF LIGNITE ON COW 

CREEK. 



Ooposite to view on Pi. VI, .1. 
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3. Claggett formation— Continued. Feet. Feet, 

with fewer fossils and not so great a variety. These beds 
become lighter toward the top, the upper 50 feet contain- 
ing two seams of thin brown sandstone, each 2 to 3 feet 
thick 300-400 



Total thickness of Claggett formation 370-470 

2. Kagle formation. No fossils: 

e. Cross-bedded and finely laminated sands with thin seams ot 

lignites, in places becoming more massive 125 

d. Very light-colored, fine, heavy-bedded sandstone 40 

c. Heavy-bedded buff sandstones, soft at base, but harder 
above, and with indurated lenses and numerous large con- 
cretions, weathering brown at top. The thickness of b and 
c is very variable 50 

b. Heavy-bedded buff sandstones with lenses of lignite and 

shales sometimes exhibiting cross-bedding . 30 

a. Regularly-bedded buff sandstones with several thin seams 

of dark shales 20 



Total thickness of Eagle formation 265 

1. Dark Benton Bhales with IinailUes and other invertebrates in 
concretions, and containing several layers of sandstones in 
upper 100 feet. The following fossils were found in these 
shales near the base: Inoceramw sp., fragments of a thick- 
shelled form; Prionotropixfsp., fragment; Scaphite* ventrico- 
sus; Baculitex sp., a slender, strongly nodose form. Several 
genera of invertebrates not specifically determinable were 
collected in the upper portion 300 

Above our camp for several miles the bluffs of Cow Creek show 
important exposures of the Judith River beds, everywhere overlain by 
the Bearpaw shales. These shales are everywhere more or less fossil- 
iferous and near Hedge Brothers ranch, on upper Cow Creek, the fol- 
lowing species were obtained: 



Gervillia borealis. 
Inoceramus barabini 
Leda (Yoldia) evansi. 
Lucina subundata. 
Thetis? circularis. 
Lunatia. 

Anchnra americana. 
Cinulia. 



Fuml* obtained on upper Cow Creek: 

Anisomyon centrale. 
Anisomyon alveolus. 
Baculites ovatus. 
Baculi tes compressus. 
Scaphites subglobosus. 
Scaphites nodosus. 
Placenticeras whitfieldi. 



Pis. VI and VII show well the chief lithologic and stratigraphic 
features displayed by the various horizons in this region. 

AREA NEAR HAVRE, MONT. 

The most extensive exposures of the J udith River beds in this area 
are on the north side of Milk River from 1 to 4 miles above the town 
of Havre, a small station on the Great Northern Railway just north of 
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the Bearpaw Mountains. This is perhaps the most accessible of all 
the exposures of these beds. Here is a rather large and picturesque 
badland region composed entirely of the Judith River beds. On the 
north side of Milk River about one-half mile atwve Havre the road 
crosses a deep gulch by a small bridge. At the point where this 
gulch emerges from the bluffs into the river valley, ahout 80 yards 
above the bridge, there is on its right side a cut bank, some 20 feet in 
height, showing two seams of impure lignite. The lower and thicker 
of these is about 6 feet al>ove the bed of the gulch; the upper is 
thinner and less pure and is about 10 feet higher than the lower. 
These two lignites are overlain by the Bearpaw shales, though these 
shales arc probably not in position and are somewhat more arenaceous 
than usual. In them were found in place two limestone concretions, 
one of which contained shells of (Mren putuia and the other Inocem- 
mux mtyensi*. Immediately beneath, in the wash at the bottom of the 
gulch, but evidently derived from the shales, was found a similar 
limestone concretion containing Plaeeutiecras whitjitidl. 

Up the river these lignite seams outcrop at frequent intervals in 
the bluffs. They rapidly assume a more elevated position and show 
at this point a decided easterly dip, amounting to perhaps 4 or 5°. 

About 100 yards west of the exposure just described a prospecting 
tunnel has been driven into the lower and more important lignite 
seam, and between it and the overlying seam is a light horizontally 
cleaving sandstone. 

Three hundred or 400 yards farther west these lignites are no longer 
visible, having perhaps passed above the present upper Jim its of the 
bluffs and been carried away by erosion 

A half mile farther up the river the bluffs on th • north side present 
a picturesque badland area, consisting at the base of 150 to 200 feet 
of usually light-colored sandstones and clays, with brown sandstone 
concretions and occasionally thin seams of lignite. (See PI. VIII, A.) 
In these beds at several horizons were found in considerable abun- 
dance dinosaur bones, crocodiles, garpikc scales, turtles, and other 
vertebrates with fresh-water Mollusca, including Unio danw, Unio 
supenmcensisy Anodwita projnitorix, Sphwrhun planum, Phyna copei, 
Goniobasis subtortuosa, Goniobasis ineenmta* Goniobasis judithensis, 
etc. The assemblage of fossils as well as the lithologic features of 
these beds arc those of the Judith River beds. 

Above these light-colored, fresh-water deposits are two lignite seams 
which are very similar to those occurring at the locality where the 
marine fossils were found and bear the same relation to each other. 
This badland exposure continues for 3 or 4 miles farther up Milk 
River and the beds in every way resemble the Judith River beds at 
the type locality. 

On the south side of Milk River for 3 miles west of Havre, or to a 
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point about 1 mile above the mouth of Beaver, Creek, are frequent 
exposures of the Judith River beds, overlain by the Bearpaw shales. 
The strata in these exposures have suffered much disturbance and are 
inclined at varying angles, in two or three places being nearly ver- 
tical. The exposures are not sufficient to reveal the structure com- 
pletely, but in general the beds seem to have been folded sharply 
and faulted to some extent. Wherever the top of the Judith River 
formation is exposed it is overlain by the Bearpaw shales, with their 
characteristic fossils. This is especially noticeable in the bluff just 
below the mouth of Beaver Creek. Here the beds are inclined at a 
very high angle, perhaps 60°, with a southwesterly dip. At the bot- 
tom the}' are composed of about 200 feet of light-colored sandstones 
and arenaceous shales resembling the upper Belly River beds, as 
described by Dawson. These light sandy materials are succeeded by 
a series of light-colored clays and shales with 8 or 10 seams of lignite, 
which become thicker and purer toward the top and are overlain by a 
bed of (htrea Hubtrigomdut, about 2 feet in thickness. This upper 
series of light-colored shales, lignites, and oysters has a thickness of 
about 60 or 75 feet and appears to represent the extreme top of the 
Judith River formation. It is overlain by dark marine Bearpaw 
shales, best seen at the foot of the exposure facing Beaver Creek and 
on the south side of the railroad track, and containing Inoceramus, 
.Avicula lingmfonrux, Modiola nied'ii, and Bacidites compressm. 

Below the mouth of Beaver Creek a high ridge that faces Milk 
River continues a mile or more toward Havre. The upper part of the 
exposure is composed of the light-colored sands and shales of the 
Judith River beds. For perhaps half a mile there is exposed a lower 
thick stratum of heavy-bedded brown sandstone, which outcrops just 
above the railroad tracks and contains numerous spherical and irreg- 
ular concretionary masses. This brown sandstone has an observed 
maximum thickness of about 30 feet. No fossils were found in it, but 
near its eastern extremity it is immediately overlain by some brown 
cherts with the shells of Covhula subtrigonalis in great abundance. 
This sandstone may be the top of the Claggett formation. 

Above Beaver Creek, in the narrow ridge between this creek and 
Milk River, the sequence and relative positions of the fresh- water 
Judith River formation and overlying Bearpaw shales are well shown. 
(See PI. VIII, B.) In the valley of Milk River a short distance above 
the mouth of the creek there is a small uplift with the axis running 
in a northwest-southeast direction. Above this for a distance of 300 or 
400 yards, in the bluffs facing Milk River, there is a shallow syncline, 
the trough of which at its deepest portion is tilled with Beaipaw shales 
containing Ostrea patina, Liojnstha (Oymellu) undata, Bacidites com- 
preww, and Placenticera* whitjieldi. In the uplift just mentioned and 
in the eastern and central portion of the syncline only the upper por- 
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tion of the Judith River beds as seen below the mouth of the creek 
is shown. The lignites and overlying oyster bed, which here con- 
tains Ostrea subtriffonaUs, Corbieula cytheriforinis, Anomla giypho- 
rhynchm, and Goniobasis cmivexa, are especially prominent. On the 
western limb of the syncline the lower and more arenaceous members 
appear. Here the entire series is inclined at a higher angle and is 
clearly seen to pass beneath the Bearpaw shales. 

Owing to the disturbances in the beds about Havre, it is not easy to 
determine in a perfectly satisfactory manner the sequence of the dif- 
ferent horizons. This is especially true of the above-described expo- 
sures in the bluffs above the town, where, unless one is familiar with 
the character of the different formations and has determined their true 
sequence in less disturbed regions, the confusion is indeed perplexing. 
The most satisfactory locality for studying the Judith River beds in the 
vicinity of Havre is on the south side of Milk River about 0 miles 
below Havre, on Boxelder Creek, about 2 miles south of Toledo, a 
small station of the Great Northern Railway. Here the tops of the 
high hills are capped with 25 to 50 feet of Bearpaw shales conformably 
overlying the Judith River beds. Considerable disturbance is notice- 
able in the bluffs of the creek at this point, but in the hills 1 mile to 
the north the sequence of the strata is quite evident. 

At the Black Diamond Coal Company's mines, 1) to 11 miles south- 
east of Havre, in a draw on the west side of Boxelder Creek, there is, 
in the uppermost Judith River beds, a coal vein 6 to 7 feet thick. It 
has a gentle southerly dip and is overlain by 20 feet of Judith River 
deposits and 160 feet of Bearpaw shales, from which were collected 
Itiocvramus saymsis, Placentkevas inhitfichll, PI aiunt terra x hUcrcaUirc, 
and Baculltes ova tits. From this point a range of hills, composed at 
the base of Judith River beds and capped with the Bearpaw shales, 
extends in a northwesterly direction to near the mouth of Boxelder 
Creek. The Bearpaw shales here, as elsewhere, in weathered exposures 
show loose black shales with limestone concretions. Some of the con- 
cretions are 12 to 15 feet in diameter and very symmetrical. 

EXPOSURES ON MILK RIVER FROM HAVRE TO THE INTERNATIONAL 

BOUNDARY. 

Above Havre the Judith River beds are exposed almost contin- 
uously in the bluffs on either side of Milk River to and beyond the 
international boundary. There arc also occasional exposures of 
the underlying Claggett formation and less frequently of the over- 
lying Bearpaw shales. Although the region is a plains country, the 
strata have been much disturbed and are faulted and folded in a 
remarkable manner. In many narrow belts the disturbances are as 
great as those usually encountered in an intensely mountainous coun- 
try, though in the larger areas between the disturbed zones the beds 
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are practically horizontal. Since the uplifts occurred the country has 
been planed off by erosion and covered with thin Pleistocene deposits, 
so that it is only along the modern drainage courses that there is any 
evidence of such disturbances, and it is not always easy to determine 
definitely the exact relations of the various strata. 

About 5 miles above Havre a small tributary known as Meili Coulee 
enters the Milk River Vallev from the north, about half a mile above a 
conspicuous red butte, the color of which is due to burned-out lignite 
seams. At the mouth of Meili Coulee are prominent exposures of the 
Judith River beds dipping northward at a high angle and overlain by 
the Bearpaw shales. (See PI. IX, A,) For half a mile before enter- 
ing the valley of Milk River the bluffs on the east side of this coulee 
show the following section: 

Section on east side of Meili Coulee. 

Feet. 



4. Bearpaw shales with Bacidites omlus and Placenticcras whUfieldi, etc 50 

3. Shales underlain and overlain by shell breecia composed largely of Ostrea sub- 

trigonalisy forming the top of the Judith River beds 20 

2. Lignites, shales, and sandstones 40 

1. Light-colored sandstones and shales of the Judith River beds with their char- 
acteristic fossils 250 



The beds up to this point are inclined at a high angle and dip to the 
north, and the sequence and relations of the strata are quite evident, 
but above this point the beds have a different character and are much 
more nearty horizontal, although they are still gently inclined to the 
north. At this point in the section the beds have been faulted and the 
sandstones and shales of the Claggett formation abut against the Bear- 
paw shales, having been elevated far above their normal position 
relative to these shales. 

Farther up the draw from this point the following section is seen in 
the bluffs on the east side: 

Sedion on east side of Meili Coulee. 

Feet. Feet. 

2. Judith River beds 

f. Light-colored sandstones and shale with lignite and stratum of 

shell breccia at the top 100 



e. Sandstones, shales, and thin seams of lignite 130 

d. Shell breccia 3 

c. Shales and lignite 20 

b. Ostrea suhtrigonalis hed 2 

a. Lignite and shales 20 

27,! 



1. Sandstones and shales of the Claggett formation with marine invertebrates. 160 

A little way above its mouth Meili Coulee is crossed by the fault 
mentioned above. This fault bears N. 60° W. by S. 30° E., and above 
it the sandstones and shales of the Claggett formation dip gently to the 
north until, at a distance of perhaps half a mile farther up the coulee, 
they pass beneath the Judith River beds, In a yellow sandstone layer 
Bull. 257-05 4 
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near the top of the Claggett formation were collected Tanerediu amer 
icana, Mactra fomumi, and a few other invertebrates. 

Just north of the red butte situated below the mouth of Meili Coulee 
is a rather extensive exposure of Judith River beds with numerous 
sandstone lenses and concretions exhibiting cross-bedding and other 
evidences of strong currents. From these we secured remains of 
Trachodon mirabiUs, Palseoseincu* coxtatux, and the mammal jaw shown 
in fig. 1 (p. 100). 

In various small draws or coulees between Meili Coulee and Supe- 
naw Coulee, 6 miles farther up the river, conditions similar to those 
prevailing in Meili Coulee were observed. The fault that crosses 
Meili Coulee near its mouth is continuous and crosses each of these 
coulees with about the same trend of N. 60~ W. by S. 30 c E. This fault 
crosses Supenaw Coulee about a mile alx>ve its mouth and just above 
Thackeray Brothers' reservoir. Above the fault the sandstones and 
shales of the Claggett formation dip gently to the north and soon pass , 
beneath the Judith River beds, which here attain their normal develop- 
ment, and at a distance of about 3 miles, or near the head of the west 
fork of the Coulee, the lignite series at the top of these beds appears 
in much the same manner as in the other regions described. In Supe- 
naw Coulee the lignite beds are partly burned out and the adjoining 
clays and sandstones are baked red. They were still burning when 
visited. Interstratiticd with these lignites are beds of fresh-water 
Mollusca, Campdoma vetula, and Unios, associated with Corbula perun- 
data, and three strata of Ostrea subtrigonalis. 

At the head of Browns Coulee, about 12 miles farther up the river, 
the Judith River beds are well developed, and on this coulee, about 2 
miles above its mouth, is an area of much disturbance, in which a brown 
sandstone of the lower Judith River beds appears in a steep anticline. 
There are here two sandstones separated by 30 feet of shales. In the 
upper of these we obtained shells of Ilyalina occidental-is and //. evansi y 
dinosaur bones, and fragments of a very large turtle. About 100 
yards below this anticline there is a second and larger fold affecting 
the Claggett formation, which on the north side passes beneath the 
Judith River beds. The northern limb of this anticline dips at an 
angle of 45°, while the southern is nearly or quite perpendicular, the 
sandstones and shales having the appearance of a vertical dike with its 
southern border resting against the lower brown sandstones of the 
Judith River beds, which are here only moderately inclined. There 
is thus unmistakable evidence of a fault as well as a fold at this point. 

From Browns Coulee the bluffs of Milk River exhibit frequent evi- 
dences of disturbances as far as Simpson's ranch, about 9 miles nearly 
due south of Wild Horse Lake, which is on the international boundary. 
About H miles below Simpson's ranch the Judith River beds are well 
exposed, and we secured remains of Ceratops, Aublysodon, and Acipen- 1 1 
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ser, with Unio sp., Sp/uerium planum, Goniobasis invenusta, Gonio- 
basis juditheMW, Phym copei, and Vivijxirm. 

Above Simpson's ranch, to and beyond the international boundary, 
disturbances in the beds are less frequent, and the bluffs of the river, 
which have an average height of about 200 feet, arc composed almost 
entirely of the light-colored sandstones and shales of the Judith River 
* beds. 

At Black Butte, a low prominence on the north side of Milk River 
; ? about 7 miles west of south of Wild Horse Lake, the river valley has 

v a width of scarcely more than a mile and a depth of perhaps 250 feet. 

r The butte stands on the crest of the bluff and, on account of the level- 
fc" ness of the surrounding country, is visible from a considerable distance 
^ and forms a rather conspicuous landmark, notwithstanding its low alti- 
H| tude. At the top of this butte are 75 feet of glacial material, beneath 
m ; which there are about 175 feet of the Judith River beds. At about 
]** the middle of the exposure are several feet of shell-marl and in this 
'■f we secured numerous teeth of Trachodon, Ludaps, and other dinosaurs, 
lizards, fishes, etc., together with Unio prison* (?), Unio primxvux, 
ft''* Sphserium plan um, S. recticardinale, Goniobasis mblxvh, and G. sub- 
ij* 'ortuoxa. 

k There are also local developments of cross-bedded brown sandstones 
with numerous concretions, and these afforded a few vertebrae, teeth, 

ii t: and other remains of Trackodon, Ceratops, and Luelaps. 

"■ v No lignites were seen here. The upper lignites, so characteristic of 
the Judith River beds, are wanting in this section and have doubtless 

er been eroded away. They were last seen on the summit of the highest 

t" hills about the head of Cottonwood Coulee, 18 miles from Wild Horse 

w Lake, on the road from Havre. 

10. 

[„, EXPOSURES ON MILK RIVER NORTH OF THE INTERNATIONAL BOUNDARY. 

For some distance beyond the international boundary Milk River 
1 ' flows through a narrow and picturesque valley, about 200 feet in depth, 
carved out of the Judith River beds. A few miles below Pendant 
J0 d'Oreille, a northwest mounted police station on Milk River about a 
1,1 mile below the mouth of Pakowki Coulee, the uppermost members of 
10 the "lower dark shales," as described and mapped by the late Dr. 
^ George M. Dawson, appear above the level of the river and occupy 
1 successively more elevated positions in the bluffs until, at a distance of 
p about 1 mile above the police station, these shales and sandstones, con- 
' stituting the Claggett formation, form almost the entire bluffs of the 
river, the overlying Judith River beds having here been almost entirely 
removed by erosion. In a bluff on the north side, and at the first bend 
" of the river below Pendant d'Oreille, about 160 feet of beds are exposed 
: ;P1. IX, B). The lower 100 feet of this exposure are composed of 
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the Claggett formation, the u lower dark shales" of Dawson, while the 
upper 60 feet belong to the Judith River beds, 44 Belly River series" 
of Dawson. The section is as follows: 

Section on Milk River near Pendant cP Oreille. 

Feet. 



8. Light sandstones and soil 10 

7. Light sandstones with Into at top 5 

<>. Light sandstones with shells of Corbxda at top 19 

5. (htrea mUrigonalis breccia 4 

4. Light-yellow sandy material 10. 

3. Impure lignite and shell breccia with Corbuln $nUrigonali», V. pernndata, Cor- 

biatla cytheriformix, Uviu priscus (?), and Ne.ritina 4 

2. Light-colored arenaceous shales 20 

1. Dark shales belonging to tlte Claggett formation with limestone concretions 
and l>ands of sandstone containing NnnUa, Leda, and Liopistha ( Cymella ) 

undata 100 

Nos. 2 to 8 belong to the base of the Judith River beds. 



The bluffs of Milk River at the mouth of Pakowki Coulee, imme- 
diately above the i>olice camp, are formed almost entirely of marine 
deposits, consisting, at the base, of dark shales with bands and nodules 
of limestone and at the top of light-yellow soft sands and arenaceous 
shales with harder layers of blue sandstones, weathering brown. The 
latter yielded Baeulites asper (?), Lunatia suberama, Tancredia ameri- 
cana, Cardium xpeciosum, Tellina ( i) sp., and Mactra. On the highest 
points these beds are capped by about 3 feet of impure lignite over- 
lain by light sandy shales with a few Unios and turtle fragments. In 
the marine sandstones underlying these lignites, along with the inver- 
tebrates just mentioned, were found several species of sharks' teeth. 

Two and a half miles below the police station, in the bluff on the 
north side of the river, is a bed of well-preserved shells, about 2 feet 
thick, immediately overlying the 4-foot lignite seam seen in the bluff 
just below the police station. In this shell bed we collected Unto xub- 
Hpatulatwt, (hi to supragibboxus (?), Modiola, Cwhicida occidentalis, 
Corhicuhi cytheriformix (?), Corbula xubtrigonalis, Corbula per undata, 
Iihytrphorus glaher, and Goniobasis invenusta, all in a good state of 
preservation. This shell bed is overlain by al>out 10 feet of arena- 
ceous shale, which is light at the base and dark above, and is followed 
by a 3-foot vein of lignite. 

In a canvon tributary to Milk River about 8 miles below Pendant 
d'Oreillc the following section is shown: 

Section in canyon tributary to Milk River 8 miles below Pendant d y Oreille. 



2. Judith River beds: Feet. Feet 

d. Light-colored sandstones and shales with a variable upper mem- 
ber of yellow, cross-bedded, concretionary sandstone which 
shows a maximum thickness of 100 feet in the upper course of 
the canyon 300 
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2. Judith River l)eds— Continued. Foot. Feet. 

c. Sandstones, lignites, and shales with several layers of (Mrea 

mhtrigonalis and some fresh-water shells. The principal lignite 

bed, 6 to 8 feet in thickness, is at the base 50 

b. Light-colored sandstones, becoming yellow toward the top 50 

a. Buff arenaceous shales with remains of turtles and fragments of 

dinosaur bones 25 

425 

1. Marine beds belonging to the Claggett formation, consisting of dark 
shales with Imnds and lenticular layers of brown sandstone, 
containing Tamredm americana, Tell'ma (?) sp., and Vanikorop- 
8i8 tuomeyana, with an admixture of such brackish-water forms 
as Ostren glabra, Corhula gubtrigonalis, and Melanin ? whitenrefti, 
about 100 

From Pendant d'Oreille to Hooper's ranch, on Many Berries Creek, 
about 5 miles northwest of Pakowki (Had water) Lake, the Judith 
River beds are exposed at frequent intervals in the slopes of the hills 
a few miles east of the trail. They also appear in the bluffs of the 
creek both above and below the ranch. Some miles northeast and 
east of Hooper's ranch there is a high ridge forming the divide 
between Sage Creek and Many Berries Creek (Big Timber Creek of 
some maps). Along the western slope of this ridge the Judith River 
beds are extensively exposed and are overlain by the Bearpaw shales. 

SAGE CREEK AREA, ASSINIBOIA. 

On Sage Creek, a small stream from the overflow of which Wild 
Horse Lake has its origin, there are important exposures of the Judith 
River beds, which have been described and mapped by Mr. R. G. 
McConnell. These occur north of the lake on the west side of the 
road, about 8 miles north of the international boundary, and also 
about 2 miles below Carroll's ranch, on Sage Creek. At the place last 
named some excellent exposures of the Judith River beds in the bluffs 
of a western tributary of the creek yielded Sp/uerium planum, Gonio- 
bcutiH sublaBvis, Viviparus, and plant fragments, including a cone. 
The lignite-bearing strata at the top of the Judith River beds arc not 
represented here, but just above Carroll's house, on the west side of the 
creek, the}' appear, and they are frequently exposed for several miles 
in the bluffs of Sage Creek and its tributaries with characteristic ver- 
tebrate and invertebrate fossils. About 5 miles above Carroll's ranch 
and a mile or two above the mouth of the West Fork, Sage Creek flows 
through a deep, narrow gorge, the hills being much higher on the west 
side than on the east, and somewhat higher than the plain to the 
southeast. In the upper part of this bluff are about 50 feet of Bear- 
paw shales with Baculltes ovatua, Placenticera* whitjieldi, CaliUta 
deweyi, Cyprina ovata, and Ostrea patina. Underlying these shales 
are about 160 feet of the upper Judith River beds, with the lignites at 
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the top and light ash-colored and brown sandstones at the bottom (see 
PI. X, B). In a brown sandstone about 10 feet above the creek are 
Union and other f resh-water invertebrates, and 75 feet above the creek, 
near the base of 15 feet of light ash-eolored sandstones overlying a 
bed of impure lignite, we found a considerable portion of a Trachodon 
skeleton. (See PI. X, A.) 

The following is a section from the bed of the creek to the top of 
the hill as displayed at this place: 

Section on Sage Creek, Amnibokt. 

Feet. 

4. Bearpaw shales with characteristic fossi. Mrea patina, Placenticeras whit- 

Jieldi, and Baadites oratus, etc 50 

3. Finely banded shales with 4 feet of impure lignite at base and several feet of 

same at top. Occasional thin seams of lignite in main body of shales . . 50 

2. Light ash-colored sandstones with Trachodon skeleton at l)ase 15 

1. Sandstones and shales with lignites, the latter especially well developed 
toward the top. Ten feet from the base is a heavy bed of hard sand- 
stone, weathering brown, with Unto fame, AnodonUiprojHUorM,Sph»Tium, 
Phym, and Ht/idina occidental!*. In the middle there is an exposure 
of about 10 feet of light ash-colored sandstones with ferruginous nodules 
and lenses of brown sandstones. The nodules have numerous fragmen- 
tary plant remains. This is overlain by 15 feet of arenaceous shales and 
lignites 75 

About 4 miles farther up Sage Creek, in the vicinity of McClean's 
ranch, are important exposures of the Bearpaw shales with such char- 
acteristic fossils as Bacidites ovatus, Placenticeras whitjieldi, (htrea 
patina, and Inocerainus sayensis. This is a typical development of the 
Bearpaw shales, consisting of dark, Gnely laminated shales with lime- 
stone nodules inclosing numerous specimens of Baculites and Placen- 
ticeras. These shales are clearly seen to be the same as those over- 
lying the Judith River beds farther down the creek. The aneroid 
gave them a thickness of 110 feet, but the base was not shown. On 
the west side of the creek, a mile below McClean's fence, there is a small 
exposure of the Judith River beds just at the bottom of the creek bluff. 
This is the uppermost member of these beds, the main body having 
here passed beneath the level of the stream. About 65 feet of the 
uppermost lignitiferous beds are represented. 

Opposite McClean's ranch, on the south side of Sage Creek, 100 feet 
of upper Judith River beds overlain by 200 feet of Bearpaw shales 
form a range of hills 3 miles west of south of McClean's house. The 
Bearpaw shales at this locality yielded Baculites ocatus, B. comjyressus, 
Placenticeras w/iii ( fieldi % P. intercalare y Nautilus dekayi, Ostrea patina, 
Cyprina ovata^ Callista deireyi, gastcropods, and crustaceans. No fos- 
sils were found in the Judith River beds, which here consist of the 
uppermost 100 feet of that formation and carry much impure lignite. 
The Bearpaw shales are here cut by two or three sandstone dikes, each 
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about 10 inches wide and several hundred yards in length. These 
dikes have a northwest-southeast direction and dip 60° NE. At 
this locality the Bearpaw shales are very fossiliferous and present four 
distinct white alkali bands. From this point northward the divide 
between Sage Creek and Willow Creek, along the road to the Cypress 
Hills, consists of Bearpaw shales covered by a thin veneer of glacial 
drift. 

On Willow Creek, a small stream rising in the western end of the 
Cypress Hills, are extensive exposures of Bearpaw shales containing 
Bacullte* compre**u*, Anchura americana^ Vlnulia concinna, Ltwina 
subundata, Pecten (Villainy*) nebra&censi*, and Avicula Unymformis. 
Just below John Heed's ranch, on Willow Creek, a heavy bed of brown 
sandstone caps these shales. In no place in this vicinity were we able 
to find the base of the shales exposed, so that we were unable to esti- 
mate their thickness. As one ascends Willow Creek the brown sand- 
stones mentioned above rapidly increase in prominence and at the head 
of the creek form the greater portion of the western extremity of the 
Cypress Hills. They constitute the highest marine horizon seen in the 
Cretaceous of this region and on account of their stratigraphic posi- 
tion and lithologic features are comparable with the Fox Hills sand- 
stones of South Dakota. We collected from them a considerable 
numherof marine invertebrates, including Leda ( l T oldia)evaii*i J Avicula 
nehrawana, Protocardla boreali*, Tancredia ameincana, VallUta iiehras- 
cen*i*, and Staph ites nodmu* var. quadrangulari*. Part of these 
species are known from the Fox Hills beds in other regions, and most 
of them occur also in the Pierre and Bearpaw shales. It has long 
been known that the faunas of the Fox Hills and Fort Pierre are too 
closely related to be considered really distinct. 

Toward the summit of the Cypress Hills, on the western end, are 
about 60 feet of soft, light-colored, yellow sandstones with a 0-foot 
vein of lignite near the base. These beds may belong to the Laramie 
as it has been mapped by McConnell, although we were unable to find 
any fossils iu them by which to determine their age. 

The exposures examined by us in Canada are all in the southeastern 
portion of the large, continuous area of Belly River beds mapped by 
Dawson, McConnell, and Tyrrell. The3 r include both the top and the 
bottom of the formation, as well as good exposures of the overlying 
and underlying beds, and hence give a fair idea of the formation as 
described by Dawson. The principal localities that have yielded the 
Belly River vertebrate fossils described by Lam be are on Red Deer 
River some distance north of the most northern point visited by us, 
but we have no doubt that they are on the same horizons that we 
studied. 
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WILLOW CREEK AREA, IN CENTRAL MONTANA. 

In addition to the above-described exposures of the Judith River beds 
in northern Montana and southern Canada, there are others in central 
Montana, first observed by Hatcher in 1888. One of these occurs 
between Musselshell River and Flatwillow Creek. Near Flatwillow 
post-office a conspicuous ledge of yellow sandstone forms an almost 
continuous and in places perpendicular wall, extending for miles up and 
down the south side of the creek. These sandstones weather into 
pyramid-like forms, dip gently to the southeast, and form the roadbed 
for about 2 miles along the old freight road from Fort Maginnis to , 
Junction City, where the}' pass beneath the Claggett formation. In 
weathering, color, and lithologic character these sandstones resemble 
the brown phase of the Eagle formation as developed at the type 
locality at the mouth of Eagle Creek on Missouri River, about 20 
miles above the mouth of Judith River. Their stratigraphic position 
between the Benton and Claggett formations also favors this correla- 
tion. Some obscure fragments of Baculites were the only fossils 
yielded by them. 

After passing over these sandstones, which have an estimated total 
thickness of 200 feet, the Claggett formation is reached where the 
road crosses the first coulee, 2^ miles south of Flatwillow. The 
Claggett overlies the Eagle sandstones and dips gently to the south- 
east. The shales of this formation yielded Baculites sp., B. ovatvn, 
Placeixticeras sp. , TnoceramuH bambini, Lucina occidental in, and Nucvla. 
Both species of Baculites were very abundant. Other fossils were rare. 
About 10 miles from Flatwillow the road crosses a broad, deep coulee 
which occupies the trough of a wide synclinal fold, and in the bottom of 
which may be seen considerable exposures of the lower 100 feet of the 
Judith River beds resting upon the Claggett formation. From the 
Judith River beds at this point we collected remains of turtles and 
dinosaurs, and saw a number of more or less fragmentary bones and 
much petrified wood. 

For a mile or more the road crosses the trough of this syncline, and 
there are beautiful exposures of the Judith River beds on either side. 
It then once more traverses the shales of the Claggett formation for 
7 miles, or until Willow Creek is reached. From the higher points 
along the road the Eagle sandstones appear in prominent bluffs on the 
right at a distance of several miles. In this locality the Claggett 
formation can scarcely have a thickness of less than 500 feet. At 
Nolan and Archers ranch, on Willow Creek about 10 miles north of 
Musselshell River, the Judith River beds again rest on the shales of 
the Claggett formation, and a series of exposures on the south side of 
the creek form a low, broken wall. The beds have a slight dip (2° or 
3°) southeastward, and consist of light-colored argillaceous sandstones 
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and sandy clays with occasional lenses and masses of hard brown 
or gray sandstone. The sandstones are nearly all strongly cross- 
bedded. The rocks are weathered into typical badland forms and 
have a thickness of 75 to 100 feet in the principal bluffs and buttes. 
(See PI. XI, A.) There are some lower beds not so well exposed, as 
well as higher strata to the southeast that are usually covered, but it is 
probable that the total thickness of Judith River beds does not exceed 
200 feet. Vertebrate remains are common in almost every exposure. 
Silicified wood is common also, and at one point about a mile east of 
the wagon road a local deposit of well-preserved plants was found, 
from which all the plants credited to Willow Creek and described by 
Dr. F. H. Knowlton in this paper were obtained. These plants were 
all collected in an area of 3 or 4 square yards, from a bed about 1 foot 
in thickness. About 2 feet below the plants in the same exposure the 
femur, tibia, and tibula of a large Trachodtm were obtained. Half a 
mile east of this locality and on about the same horizon fresh-water 
Mollusca are common, including Goniobaxis sublwvw, AnocUmta pro- 
patoriz, Sphs&rium, and three or four species of Unio. 

West of the wagon-road crossing of Willow Creek the strata imme- 
diately underlying the Judith River beds are scarcely at all exposed, 
but about 6 miles west of the road there are conspicuous bluffs of light 
brownish or yellowish sandstone, dipping 5° or 6° NE., that probably 
belongs to the Eagle formation. South of the creek is a line of cliffs 
several miles long that often show vertical exposures 75 feet in height. 
At the base of the cliffs there are small exposures of dark shales, like 
the Benton, near the top of which an imperfect specimen of Placenti- 
cerws was collected. The overlying sandstones are exposed to a 
thickness of about 100 feet, and after a covered interval of 50 feet 
these are succeeded by 15 feet of similar sandstone. In the lower 25 
feet these sandstones are strongly cross-bedded and weather into large, 
rounded masses. These are succeeded by 50 feet of more massive 
sandstone, overlain by 25 feet of thicker bedded sandstone. Fossils 
are rape except in occasional nodules, some of which 3 T ield numerous 
specimens. Near the base of the formation we collected Pecten, Avi- 
cula linguiformi*, Nucuhi, Lucina subundata, Cinulia, Nautilus 
dekayi (?), Scaphite* related to S. hippocrepin^ and young individuals of 
a small, slender Baculites that occurs in the Eagle formation on the 
Missouri. About 75 feet higher specimens of hioceramm, related to 
I. frayUi*) were obtained. 

About 2 miles east of the road, in a bend of the creek, is a good 
exposure showing the contact of the Judith River beds with the Clag- 
gett formation. In a distance of about 5 miles along the road from 
Willow Creek to Musselshell post-office there is obtained a complete 
section from the base of the Judith River beds up through the Bear- 
paw shales into the overlying formations, which latter we did not study 
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in detail. All the beds dip gently to the southeast. The dip increases 
in the upper part of the section, being greater in the upper Bearpaw 
shales than in the Judith River beds, which are here clearly seen to pass 
beneath the Bearpaw shales. These shales, especially the upper por- 
tion, are rich in marine invertebrates, including the following species: 

Fossils obtained from Bearpaw shales near Musselshell post-office. 



Ostrea pellucida. 
Syncyclonema rigida. 
Pecten (Chlamys) nebrascenma. 
Avicula nebrascana. 
Avicula linguiformis. 
Inoceramus bambini. 
Nucula subplana (?). 
Nucula plauimarginata (?). 
Nucula caneellata (?). 
Leda (Yoldia) evansi. 
Trigonarca exigua. 
Lucina subundata. 
Protooardia rara. 
Cuspidaria ventrieosa. 



Liopistha (Cymella) undata. 
TbetiB? circulariM. 
Ancbura americana. 
Acnwa oecidentalis. 
Vanikoro ambigua. 
Lunatia occidental (?) 
Haininea subeylindrica. 
Cinulia concinna. 
BaculiteH compreesus. 
Baculites ovatus. 
ScaphiteH nodosus var. brevis. 
Placentieeraa whitfieldi. 
Placenticeraa intercalare. 



Immediately above the Bearpaw shales is a very thick series of sand- 
stones with intercalated shales and occasional lignite beds, which we 
were unable to study in the limited time at our disposal, though we 
made a brief f ruitless search for fossils in the lower portion. At the 
base the dip is 15° to 20° to the south, and higher in the section it 
increases to 30° or more, these tilted beds forming a belt about 2 miles 
in width and consequently several thousand feet thick. From a point 
about 2 miles north of Musselshell post-office southward to Mussel- 
shell River similar beds occur with very low dips, and we saw such 
exposures of the same formation for many miles along the Mussel- 
shell above the post-office. The only paleontologic evidence of the 
age of the formation overlying the Bearpaw shales in this region was 
found at two localities about 14 and 17 miles west of Musselshell post- 
office, where we obtained a few plants from a horizon probably high 
in the section. Doctor Knowlton has identified among them Taxo- 
dium occidentalis Newberry, Popidus speeiosa Ward, Populus related 
to P. cimeata Newberry, Platan TJlinm rhamnifoUa t Ward, Sapin- 
dus grandifol 'msf Ward, Coccidus haydenianux Ward. Concerning 
them he says: " These species are typically Fort Union and 1 do not 
hesitate to refer them to this horizon." 

The beds between this horizon and the top of the Bearpaw shales 
should, from their stratigraphic position, contain the equivalent of the 
Fox Hills and the Laramie as well as the Livingston formation, which 
was described by Weed in the Crazy Mountains, less than 100 miles to 
the west. 
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FISH CREEK AREA. 

There is a considerable exposure of the Judith River beds between 
Fish Creek and Mud Creek, small tributaries of Musselshell River 
near Melville, Mont., a few miles northeast of the Crazy Mountains. 
These exposures were first discovered by Mr. Earl Douglass and were 
described by him under the name of the Fish Creek beds, with the 
suggestion that they arc the probable equivalents of the Belly River 
beds. Not being familiar with the Judith River beds, Mr. Douglass 
was unable to recognize the identity of the Fish Creek and Judith 
River outcrops. In their stratigraphic position as well as in their 
litholotric and faunal characters they are almost identical with the 
Judith River beds farther north and should be referred to that forma- 
tion. 

These l>eds are best exposed on Crawford's ranch between Fish and 
Mud creeks, where they occur in a typical badland region of limited 
extent. (See PI. XI, J$.) 'Throughout most of this area the Judith 
River beds have a very gentle southerly dip. This is especially true on 
the slope looking toward Fish Creek, but at the divide between Fish 
and Mud creeks the beds are faulted, the fault running irregularly in 
an east-west direction. Immediately south of this fault the Judith 
River beds are nearty horizontal, while to the north they are much 
inclined, in places being nearly vertical or dipping southwesterly at 
angles varj'ing from 30° upward, so that they appear to be uncon- 
formable with and to pass beneath the Judith River beds to the south 
of the fault. The upper part of the disturbed series is clearly Judith 
River, and it is evident that the strata have been faulted and that the 
unconformity is only apparent. To the south and west of this badland 
area the Judith River beds are overlain by Bearpaw shales bearing 
the same fauna that has been listed from Willow Creek and other 
localities. These have an aggregate thickness of several hundred feet 
and occupy most of the region to the west tatween the two creeks. 
South and west of Fish Creek these shales are overlain by marine 
Cretaceous sandstones and by a thick series of beds that have been 
referred to the Laramie, Livingston, and Fort Union formations. The 
Judith River beds in this region are very similar to those on Willow 
Creek, Dog Creek, and the Missouri at and below the mouth of Judith 
River. They contain remains of Trachodon, Ceratopx, turtles, and 
crocodiles of Judith River types in fair abundance, much petrified 
wood, and beds of fresh-water Mollusca. The beds are usually light 
ash-colored sands and sandy shales with frequent bands of impure lig- 
nite and black ferruginous concretions. In a small draw or canyon 
running west by north from the badlands to Mud Creek (the draw in 
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which the Crawford* get their coal) the following section is exposed, 
commencing at the fault mentioned at>ove and going down the draw: 

Section in *mal1 draw north of }fud Creek. 

Feet. 

4. Lower Judith River IkhIp 200? 

3. Claggett beds (sandstones and shales with Inoceramm and Baculites) 300? 

2. Eagle sandstones and shales, with thick bed of coal 100 feet from the base.. 400? 
1. Benton shales, base not exposed 300? 

The above thicknesses are mere guesses and can not be considered 
even as an estimate. No. 3 is probably much below the actual thickness. 

The Claggett beds are here made up very largely of sandstones, 
though there are several beds of shales which are usually poorly 
exposed. 

The Eagle sandstones present the usual characters of that forma- 
tion, and the lignite is especially good. 

The passage from the Eagle to the Claggett formation and from the 
Claggett to the Judith River beds is so gradual that it is difficult to 
say where the one commences and the other ends. The Bearpaw 
shales are well differentiated from the underlying Judith River beds, 
and the line of demarcation between the Benton and the Eagle forma- 
tions is likewise very distinct. Northward down the draw toward 
Mud Creek the dip of the Benton gradually decreases and a few calca- 
reous and ferruginous nodular layers are seen here and there, always 
more or less fossiliferous with Scaphites veiitricosux, Baculites as]ier(f), 
Tnoceramns umbonatus^ T. exogyroides, and Pholadomya papyraeea. 

The influence of the various horizons on the topography is marked. 
South and southwest of Widdecombe Creek, a branch of Fish Creek, 
the alternating sandstones and shales of the formations overlying 
the Bearpaw have produced a rugged topography characterized by 
a series of low sawtooth ridges of harder sandstones, separated by 
gentle valleys occupied by the intervening beds of shales and other 
soft material. Between this creek and the Crawford badlands there 
is an area of low rolling hills about 6 miles wide that is composed of 
weathered Bearpaw shales. Northward, in the area of the Judith 
River, Claggett, and Eagle beds, is another series of rugged ridges 
separated by narrow valle3 f s. Still farther north is a low rolling coun- 
try which extends northward to and beyond Musselshell River and 
which is the result of the erosion and weathering of the Benton shales. 

Two miles west of the small draw mentioned above, where Mud 
Creek has cut its way through the upturned beds of the Judith River, 
Claggett, and Eagle formations, a fairly good section is shown from 
the Bearpaw shales down through the above- meutioned formations 
into the Benton. Through most of this section the beds are inclined 
to the northwest at an angle of about 60°. 
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OTHER PROBABLE AREAS. 

Along Milk River the Judith River formation is known to extend 
far east of Havre, where we studied it. Its limits in that direction 
have not been determined. It is very probable that this area is con- 
nected with the Cow Creek area by almost continuous exposures 
across the divide separating the drainage of the Missouri from that of 
Milk River east of the Bearpaw Mountains. On our journey from 
Havre to Cow Creek we passed through the eastern foothills of these 
mountains and crossed several areas of igneous rocks, but on Bean 
Creek near Lloyd post-office we saw outcrops apparently belonging 
to the Judith River beds, and if our route had been a few miles farther 
east we could probably have had the formation in sight all the time. 

A few miles north of Billings, on the road from Roundup post-office 
on the Musselshell to Billings, Mont., we noticed outcrops that almost 
certainly belong to the Judith River formation. This area is along 
the line of a section described by Lindgren in volume 15 of the Tenth 
Census and was referred by him to the Laramie. 

About 50 miles farther east on the Yellowstone, near the mouth of 
Bighorn River, Hayden has described exposures that may also belong 
to the Judith River formation. 

There are certainly other areas of Judith River beds in the valley 
of Musselshell River north and west of the Fish Creek area which we 
have described. One of these is indicated by Lindgren's a description 
of the occurrence of marine Cretaceous above so-called Laramie beds 
near the mouth of Swimming Woman Creek. Another of these proba- 
ble areas is indicated by the reported occurrence of Judith River 
species of brackish- water Mollusca at a locality north of the Crazy 
Mountains, where the beds containing them were referred by Weed 6 
to the Livingston formation. 

In this connection attention may be called to the occurrence of non- 
marine coal-bearing beds within the Montana group at Coalville, Utah, 
at Point of Rocks, Wyo., and at several points on the Laramie Plains, 
southern Wyoming/ These beds are probably not very far from the 
horizon of the Judith River beds, but it is not believed that the facts 
would justify their reference to that formation. 

a Tenth Census U. S., vol. 15, p. 743. 
t> Bull. U. S. Geol. Survey No. 105, p. 33. 

©See Stanton and Knowlton, Stratigraphy and paleontology of the Laramie and related formations 
in Wyoming: Bull. Geol. Soc. America, vol. 8, pp. 127-156. 
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RKMUMti AND CONCLUSIONS. 

Our Held studies in the original Judith River area have established 
the stratigraphic succession of the Upper Cretaceous section and show 
that the Judith River beds lie beneath several hundred feet of marine 
Cretaceous shales with a characteristic invertebrate fauna, and that 
they rest upon another marine formation which also bears an abundant 
fauna. The overlying formation we have called the Bearpaw shales, 
because it is well exposed in the area south, east, and north of the 
Bearpaw Mountains. The name Claggett formation has been given 
to the underlying beds because they are well developed around the 
site of old Fort Claggett, near the mouth of Judith River. Wherever 
the exposures in this region show lower beds the lignite and con- 
spicuous sandstone ledges of the Eagle formation are seen, and still 
lower the dark Benton shales with a characteristic fauna are revealed. 
The Judith River formation itself has yielded a fauna of both verte- 
brates and invertebrates, most of which are peculiar to it. Its litho- 
logic features also are different from those of any other formation in 
the section and make it easily recognizable. 

Beyond the typical area, we found on Milk River in the neighbor- 
hood of Havre a similar succession of formations from the Claggett to 
the Bearpaw, inclusive. The formation occupying the position of the 
Judith Riverbeds here has the same lithologicand paleontologic char- 
acteristics as in the original area, with which it probably has direct 
connections around the east end of the Bearpaw Mountains. It is there- 
fore unhesitatingly identified with the Judith River beds. From Havre 
this formation was traced by means of practically continuous exposures 
and without essential change of lithologic and paleontologic characters 
into an area of Belly River beds mapped by Dawson. Here again the 
underlying Claggett formation was recognized b\ r its fossils and litho- 
logic features, and above the Judith River (Belly River) beds the Pierre 
shales of the Canadian geologists are clearly identical with the Bear- 
paw shales of our Montana section. 

In other areas studied by us in Montana the same succession of 
formations was observed. Two horizons in this region are especially 
well characterized by marine invertebrates — one in the upper part of 
the Benton shales and the other in the Bearpaw shales. Wherever 
these were both present in one section the succession and recognition 
of the intervening formations were unmistakable. 

The stratigraphic relations are more clearly shown in the following 
diagrammatic arrangement of comparative sections: 
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Sections in South Dakota, Montana, and Amniboia. 



1 

South Dakota 
section. 


Central and northern 
Montana section. 


Southern Assiniboia 
section. 




I jH ramie. 




Laramie? 


Laramie? 


Montana group. 


Fox HillH. 


Fox Hills? 


Fox Hilln? 


Pierre. 


Bearpaw. 
Judith River. 
Claggett. 
r^agie. 


Bearpaw. 

Belly River 

(Judith River). 
Claggett. 

(■) 


Colorado group. 


Niobrara. 
Benton. 


Benton. 


(?) * 




Dakota. 


Dakota? 


(?) 



The Montana and Colorado groups are general!} 7 recognized as 
larger subdivisions of the strata lying between the Dakota and the 
Ijaramie. The South Dakota and Nebraska section is the Meek and 
Ilayden section with the Laramie added, while the other two columns 
represent the sections studied by us. The queries in the lower part 
of the columns indicate formations not seen by us in the regions men- 
tioned, and the queries in the upper part of the column indicate our 
doubts as to the correlation of any particular horizon in these sections 
with the Fox Hills, and as to the limits of the Laramie and its relation- 
ship with overlying formations that have been described in the region. 

A few words of explanation are necessary concerning the general 
correlations expressed and the introduction of new formation names. 
In the first place, the entire Upper Cretaceous section as described 
by Meek and Ilayden along Missouri River in South Dakota and 
Nebraska is very much thinner than the Montana section, and in some 
portions the lithologic development is not at all similar. Consequently 
the comparison of individual formations or horizons is in several cases 
made difficult. 

Beginning the examination at the base of the section and leaving 
the Dakota out of consideration at present, the first difficulty is in 
connection with the Benton, especially as to its upper limits. In the 
upper Missouri section near Fort Benton a continuous body of shales 
extends up to the base of the Eagle sandstone, and so far as is now 
known there is no lithologic basis for a division in it. There are, 
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however, two well-marked faunal zones — a lower one characterized by 
Inoceramm lobiatm, Scaphite* w<(rrc?ii, and the keeled ammonite 
genera Prionotropu and Pri<mwydu#, and an upper zone with 
Inoceramm umbonatus, Inoceramm exogyroides, and Scaphites ventri- 
cosus. In the section farther east in South Dakota and Nebraska the 
shales referred to the Benton are limited above by the Niobrara lime- 
stone, and their fauna corresponds closely to that of the lower zone 
above mentioned. If it is assumed that the upper limit of the Benton 
shales in the two sections is identical, and that the sequence upward 
is continuous in both cases, then it must follow that the Eagle sand- 
stone is or includes the equivalent of the Niobrara limestone, and 
should be correlated with it, though, of course, distinctive formation 
names arc necessary. But all the paleontologic evidence is opposed 
to their correlation. On the one hand, the fauna in the upper Benton 
zone of the western section has its nearest representative in Colorado 
and Texas in beds that are referable to the upper Niobrara, and on 
the other hand the fauna of the Eagle formation is much more closely 
allied to the fauna of the overlying marine formations than to the 
Benton fauna, and consequently the formation belongs to the Montana 
rather than to the Colorado group. The objection may be raised that 
the Eagle is a littoral formation, and that its fauna would therefore 
be different from the Niobrara faunas, but there are littoral faunas 
known at the top of the Benton in Colorado, northern Utah, and south- 
western Wyoming, and these arc wholly different from the Eagle 
fauna. The most reasonable view seems to be that the Fort Benton 
of the western section includes the representatives of both the so-called 
Fort Benton and the Niobrara of the eastern section. 

The second serious difficulty in the Montana section is in determin- 
ing the exact equivalent of the Pierre shales. This formation was 
named from Fort Pierre on the Missouri, now Pierre, S. Dak., and 
was defined as dark cla} r s, limited above by the Fox Hills sandstone 
and below by the Niobrara limestone, with exposures along the Mis- 
souri for some distance both above and below Fort Pierre. Meek and 
Haydens estimate of the thickness was 700 feet, but more recent 
estimates by Darton in the same general region place it at 1,200 to 
2.000 feet. It contains a large and characteristic invertebrate fauna. 
In the Montana section the shales wo have called Bcarpaw shales are 
very similar to the Pierre in lithologic character, and they bear a 
fauna composed in the main of identical species, showing an assemblage 
especially similar to that of the upper fossiliferous zone of the Pierre. 
The thickness possibly also approaches that of the Pierre in the 
typical area. 

That the Bearpaw shales represent a part of the Pierre is unques- 
tionable, but if they arc strictly equivalent to the Pierre, so that they 
should be called by the same name, then in the South Dakota section 
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there is a long unrepresented interval between the Niobrara and the 
Pierre, for, as we have shown, there is considerable evidence that the 
Eagle formation is later than the Niobrara. The overlying Claggett 
and Judith River formations certainly come within the Montyna group. 
It is true that Meek and I lay den observed some evidences of erosion 
at the top of the Niobrara, but it does not seem probable that erosion 
or nondeposition could have continued throughout the time repre- 
sented by the three formations just named without showing greater 
effects than have been observed. It is well known that along the 
western margin of the Great Plains in Colorado there is a great 
thickening of the Pierre, or at least of the formation in the corre- 
sponding position, so that in the Denver region it attains the thickness 
of 7,000 feet, while farther south, in the Arkansas Valley, its thick- 
ness is over 4,000 feet. Although in all this great thickness several 
zones have been more or less clearly recognized by minor differences 
in the fauna and in lithologic features, no basis for separation into 
distinct formations has been found. In the Montana section the shaly 
portion of the Claggett formation does not differ very greatly in 
lithologic character from the Bearpaw shales, and though the fossils 
are less numerous they are all of species that occur in the Bearpaw 
and the Pierre, while the sandstone members of the Claggett bear a 
littoral fauna that is closely related to that of the Fox Hills and even 
contains many of the same species. It is very probable, therefore, 
that the Claggett would not have been separated from the Bearpaw as 
a distinct formation if the totally different Judith River l>eds had not 
been interpolated between them, for the intermingling of Fox Hills 
and Pierre species has long been known elsewhere. 

In view of the facts above stated it seemed expedient to give the 
local name Bearpaw shales to the formation immediately overlying 
the Judith River beds, rather than to regard it as the strict equivalent 
of the Pierre and to call it by that name, although we do not doubt 
that the one formation can be traced directly into the other and that 
some zones in both are identical. The Claggett formation is a strati- 
graphic unit, distinct and easily separable from the previously defined 
formations above and below it, and hence it required a new name. 

Returning to the correlation diagram (p. 63), we wish to leave the 
question open whether the Pierre fills all of the space corresponding 
to that occupied by the Bearpaw, Judith River, Claggett, and Eagle 
formations, although we are confident that all of these belong to the 
Montana group. The identification of the Fox Hills formation in the 
Montana section is left in doubt partly because we did no detail work 
on that part of the section, and more especially because we have 
found that many of the Fox Hills species have a great vertical range, 
throughout which they may be expected to occur wherever suitable 
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conditions are found, so that paleontologie identification of the for- 
mation without the most careful stratigraphic work is extremely 
unreliable. The problem of the Laramie and associated later forma- 
tions in this region is a very complex one, to which we were able to 
devote very little time, and consequently we do not desire to express 
any definite opinions concerning it. 

Our principal conclusions from the season's work may be sum- 
marized as follows: 

1. The Judith River beds are distinctly older than the Laramie, 
being separated from the latter by at least several hundred feet of 
marine shales identical in their faunal and lithologic features with the 
Pierre to which we have given the local name Bearpaw shales, from 
the Bearpaw Mountains about which they are well exposed. 

2. The Belly River beds of Canada are identical with the Judith 
River beds of Montana. The name Judith River beds, having pri- 
ority, should be the accepted name for this formation and the terms 
Belly River and Fish Creek beds should be dropped. 

3. The marine sandstones and shales immediately underlying the 
Judith River l>eds do not represent cither the Benton, as some Cana- 
dian geologists have supposed, or the Fox Hills and upper Pierre, 
as most geologists of the United States who have examined them have 
believed, but they constitute a distinct horizon within the Montana 
group which we have called the Claggett formation, from old Fort 
Claggett at the mouth of Judith River, near which they are well 
developed. 

4. The Eagle formation, from its stratigraphic position and faunal 
relations, marks the base of the Montana group in this region. 

5. The Bearpaw shales, the Judith River beds, the Claggett and the 
Eagle formations all belong to the Montana group, and together prob- 
ably form the equivalent of the Pierre as that term is generally under- 
stood, though the possibility is recognized that in the typical area the 
Pierre may have more restricted limits. 

6. Faunas similar to that of the Fox Hills sandstone have a great 
vertical range and are likely to be found at any horizon within the 
Montana group where a littoral or shallow-water facies is developed. 
The use of the term Fox Hills as a formation or horizon name out- 
side of the original area in South Dakota is therefore of doubtful 
propriety, as experience has shown. 
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By J. U. Hatcher. 

Leidy, Cope, Marsh, Osborn, and Lambe have been the chief con- 
tributors to our knowledge of the vertebrate fauna of the Judith River 
beds. A considerable number of genera and species pertaining to 
all five of the known classes of vertebrates have been described. 
Unfortunately these genera and species are for the most part based on 
exceedingly fragmentarv and unsatisfactory material, and it has been 
quite impossible to determine with accuracy even the principal oste- 
ological or dental characters of most of the genera or to compare them 
intelligently with related forms from older or more recent formations. 
As an aid to future students there is given here a list of the variousgen- 
era and species of vertebrates that have been described by various 
authors, with a reference to the original description and a brief state- 
ment concerning the nature of the types upon which they were based. 

PISCES. 

Altogether six genera and eight species of tish have been described 
from deposits referred by us to the Judith Kiver beds. These genera 
and species are known only from detached scales, teeth, and bones. 
They doubtless represent only a small fraction of the tish fauna of 
these beds. While they give an indication of the character of some of 
the fishes that inhabited the waters of this region in Judith River times, 
they are at present known from such insufficient material as to ren- 
der them of little value for purposes of correlation, as is abundantly 
evidenced by the apparent similarity existing between the tish remains 
known from these beds and those from the Laramie. This similarity 
is so striking that some paleontologists have been led, largely from such 
evidence, to correlate the Judith River beds with the Laramie, disre- 
garding the more important evidence afforded by the dinosaurian 
fauna and the stratigraphy. 

LEPIDOTUS OCCIDENT ALI8 Leidy. 

Lepidotiis occidentalis Leidy, 1856, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 73. 
Leidy described the species as follows: 

A species proposed on five specimens of thick lozenge-shaped scales, with the root 
prolonged in the direction of the. long diameter. The enameled surface of t he scales 
is smooth and shining. The largest one has its sides about 4 lines long, the smallest 
one about 2 j lines long. 
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LEPIDOTUS HAYDENI Leidy. 

Lepidotits haydmi Leidy, 1856, Proc. Aead. Nat. Sci. Philadelphia, 1856, p. 73. 
The original description of the species was as follows: 

A species proposed on a single specimen of a thick oblong square scale, the long 
sides of which measure 5 lines and the short 3$ lines. The root projects forward 
from one of the long sides, and the enameled surface of the scales is covered with 
parallel square lines. 

CERATODUB ERTJCIFERU8 Cope. 

Ceratodu* emci/erns Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 259. 
This species was described by Cope as follows: 

A basal lamina separable from the dentigcrous lamina. The latter supports ribs 
which diverge from a single marginal rib which extends along one side. The mar- 
ginal rib is separated by a deep groove from the radiating ribs, which is continuous 
with the grooves between the latter. The ribs are of irregular diameter and not 
perfectly straight; they are interrupted by weak transverse ridges, which project 
beyond the margin. The ridges rise abruptly from their common base and are sep- 
arated distally by notches of the margin. 

Meamrements. 



Long diameter of dental surface 0. Oil 

Short diameter of dental surface 007 

Thickness of plate 003 

There are six ridges in the length. ' 



CERATODTJS HIEROGLYPRTJS Cope. 

Ceratodm hieroglyphm Cope, 187ti, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 260. 
This species was described by Cope as follows: 

The dentigerous plate is thin and dense, and has the appearance of a short- 
toothed comb with a handle. The tooth-like points are the extremities of low 
ridges, which are arranged nearly at right angles to a wide longitudinal elevated half 
of the osseous base. They are separated by shallow grooves from each other, and 
are not continuous with the basis just mentioned, which rises abruptly above them. 
They are smooth. The 44 handle" above alluded to is triangular in section, having 
two bevels on the side supporting the tooth ridges. The lower face of the bone is 
smooth. 

Measurement*. 



M. 

Total length , 0. 013 

Length of dentigerous portion 010 

Total width 0045 

Width of dentigerous portion 0020 



There are thirteen teeth in the length. 

MYLEDAPHUS BIPARTTTT7S Cope. 

Myledaphus bipartite* Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 260. 

This species is founded on detached and isolated teeth. Teeth of 
this pattern and of varying size are abundant both in the Judith 
River beds and in the Laramie. It would be quite impossible to iden- 
tify either genera or species from teeth of such simple form. 
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HEDRONCHUS STERNBERG!! Cope. 

Hedronchns sternhergii Cope, 1876, Proe. Acad. Xat. Sei. Philadelphia, 187B, p. 259. 
Cope described this species as follows: 

Char. Gen.— The bone on which this genus reposes has the appearance of the crown 
of a young tooth. Its central cavity is large and expands to the margin of the basis?; 
its apex is unworn. It appears to be too protulwrant for the position of a dermal 
tubercle. It may be distinguished as a short crown on a shorter slightly constricted 
portion or neck. The crown culminates in three crests, which together form a letter 
T, and which descends toward the neck. There is no investment of cement or 
enamel, and the material of which it is composed resembles dense bone. 

Char. Specif. — The faces on each side of the stem of the T are concave and divided 
by an oblique crest, which descends from the common apex. The other face is 
gently convex, and the inferior part of each of its l>ounding crests projects ear-like. 
The base is an oval. 

Measurements. 

M. 

Elevation of crown 0. 000 

Diameter of basej lon S hmlimU <*f 
I transverse 004 



ACIPEN8ER ALBERTENSIS Lambe. 

Acipenser alUrterutis Lambe, li*02, Cont. Canadian Paheont, vol. 3, pt. 2, p. 20. 

This species is founded on a detached keeled dermal shield from the 
Judith River beds of Red Deer River, Canada. Similar ossifications 
are common in the Judith River beds and in the Laramie of Converse- 
County, Wyo., and probably represent more than one species. 

DIPHYODUS L0NGIR0STRIS Lambe. 

Diphyodux lontftrttdri* Lambe, 1902, Cont. Canadian Paheont, vol. », pt. 2, p. .'{0. 

This species is founded on a jaw fragment from the Judith River 
beds of Canada, with numerous tooth scars which show the teeth to 
have been simple and conical and ankylosed with the jaw. Fragments 
of similar jaws are common both in the Judith River beds of Montana 
and in the Laramie deposits of Converse County, Wyo. 

AMPHIBIA. 

Two genera and five species of tailed Batrachia have been described 
from the Judith River beds. All of these have been founded on very 
fragmentary and insufficient material, consisting for the most part of 
detached vertebra?, with an occasional limb bone or jaw fragment. 
Similar remains, for the most part undescribed, are common also in 
the Laramie. 

All five of the species of Batrachia mentioned were described bv 
Cope from material secured in the Judith River beds of Montana. 
Lambe" has reported Scapherjwton tectum Cope from the same beds on 

uCIont. Ciumdiun PulsiHmt., vol. 3, pt. 2, p. 31. 
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Red Deer River in Canada. From the fragmentary nature of the 
types on which were baaed Cope's descriptions of the various genera 
and species, it will readily appear how extremely difficult it will be to 
refer any material with certainty to any of his species. Moreover, the 
fragmentary nature of all the remains of Batrachia thus far recovered 
from this formation renders them of little value for purposes of cor- 
relation, and were these remains better preserved it is improbable that 
thev would afford any very reliable evidence as to the exact or relative 
age of the deposits, owing to the apparently slight modification which 
has taken place in these Batrachia throughout Cretaceous and Tertiary 
times. The Batracia of the Judith River beds can not be regarded as 
of any special value in determining the age of* the deposits or in cor- 
relating them with other formations. 

8 C APHE HPETON Cope. 

Scnpherpetan Cope, 1876, I*roe. Acad. Nat. Sei. Philadelphia, 1876, p. 353. 
This genus was described by Cope as follows: 

Vertebra? deeply biconcave, with opposed, but not continuous, foramina for the 
chorda dorsalis. Neural arch with zygapophyses, and well-developed neural spine. 
Centrum with vertically compressed, short diapophysis near the posterior extremity, 
a prominent hypapophysial keel, and prolonged neural spine. Supped proximal 
limb bone with a branch-like trochanter. Supposed teeth in several rows, attached 
in shallow alveoli, those of the marginal series larger; the crowns obtusely conic and 
simple. 

SCAPHERPETON TECTUM Cope. 

Scaplterpeton tectum Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 355. 

This species is founded on a single vertebra accompanied by a frag- 
ment which, according to Cope, ''resembles the articular portion of 
the mandible. v 

SCAPHERPETON LATICOLLE Cope. 

Scaplterpeton luticolle Cope, 1870, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 356. 

This species was founded on an atlas and several dorsal vertebra of 
different individuals, which latter, according to the author of the 
species, may pertain to the preceding species. An imperfect limb bone 
was found associated with the neural arch of a vertebra of the character 
ascribed to this species, and was described by Cope in connection with 
the type. 

SCAPHERPETON EXCISUM Cope. 

Scaplterpeton excimm Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 357. 

This species was founded on scattered vertebra? from three indi- 
viduals of different sizes. 

SCAPHERPETON FAV0ST7M Cope. 

ScapherpeUmfavomm Cope, 1876, Proc. Acad. Nat. Sci.- Philadelphia, 1876, p. 357. 
This species is founded on a single vertebra. 



Digitized by Google 



HATCH KB. J 



VERTEBRATE FAUNA. 



71 



HEMITRYPUS JORDANIANUS Cope. 

Hemitrypwt jordanianw Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 358. 

This genus and species were founded on a single vertebra from the 
Judith River beds. This genus is distinguished from the preceding 
genus by the position of the foramen chorda? dorsal is. 

REPTILIA. 

The Reptilia are far better represented in the Judith River beds 
than the other classes of Vertebrata. Not only are most of the larger 
subdivisions of the group represented, but the fauna is rich also in 
genera and species which in Judith River times were evidently under- 
going a rather rapid development and acquiring a considerable degree of 
specialization. Genera and species such as these, which may be termed 
progressive types, afford the most reliable paleontological evidences 
upon which to base accurate correlations. The more specialized Rep- 
tilia offer more trustworthy evidence as to the age of these beds than 
any other group of vertebrates. Furthermore, from the abundance 
and condition of the remains the reptilian fauna of this formation and 
of other formations can be more carefully compared than is practicable 
with other classes of vertebrates. 

, PLESIOSAURIA. 

While the Judith River beds are for the most part of fresh- and 
brackish-water origin, it is evident that at certain periods during their 
deposition the sea had access to limited areas of the region over which 
these beds are distributed. At certain localities like that mentioned 
on page 42, remains of typically marine invertebrates and vertebrates 
occur well within the limits of the Judith River beds. From such 
marine deposits we obtained shark's teeth pertaining to a number of 
distinct species, and remains of plesiosaurs and chelonians, some of 
which latter appear also to belong to marine species. 

CIH0LIA8AURU8 MAGNU8 Leidy. 

Cimoliasaunts magnus Leidy, 1853, Proc. Acad. Nat. Sci. Philadelphia, 1853, p. 325. 
Smithsonian Contrb. to Knowl., vol. 14, p. 25. 

Lambe" has reported vertebras pertaining to this genus and species 
from the Judith River beds of the Red Deer River, Canada. The 
original description of this genus and species was based on vertebrae 
from the Greensands of New Jersey, for the most part of much larger 
size than those described by Lambe, and it is not improbable that the 
material described by the latter may pertain to a distinct genus and 
species. In some respects they more nearly resemble the vertebrae 
on which Leidy based his description of Ischyrotherium antiquum.* 

aCont. Can. Pal., vol. 3, pt. 2, 1902. p. 82. b Proc. Acad. Nat. Scl. Philadelphia, 18.%, p. 89. 
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URONAITES CETIF0RMI8 Cope. 

Uronaites cetiformix Cope, 1876, I'roc. Acad. Nat. Sci. Philadelphia, 1876, p. 346. 

Founded on "cervical, dorsal, and caudal vertebrae, portions of 
limb, and rib bones" found near the top of the Claggett or base of the 
Judith River beds near ArmelPs (AinelFs) Creek, a small tributary of 
Missouri River in northern Montana, at about the eastern limits of 
the Judith River basin as defined by Hayden. 

ISCHYBOTHERIUM cf. ANTIQUUM Leidy. 

IgchyrotJieriwn cf. antiquum Leidy, 1857, Proc Acad. Nat. Sci. Philadelphia, 1856, p. 89. 

We collected* a number of vertebral centra from the marine horizon 
mentioned on page 42 as occurring within the usually recognized limits 
of the Judith River beds, which closely resemble those described and 
figured by Leidy" as the type of the present genus and species and 
which were obtained between Moreau and Grand rivers in South 
Dakota. Although Leidy states in his description that they were 
obtained "from an outlyer of the Great Lignite Tertiary formation" 
of that region, it is more than likely that the exact horizon was more 
nearly that of the Fox Hills or Pierre. However this may be, the 
vertebne collected by us doubtless are from beds older than those 
which yielded the type of the genus and species. Whether the verte- 
bra? in question pertain to Ixchyrotherium, to one" of the two previously 
mentioned genera of plesiosaurs, or to a distinct genus can be deter- 
mined only by careful comparisons with the types, and the material is 
so incomplete that even then a fairly conservative paleontologist could 
not feel sure of his determination. 

The plesiosaurs, like the fishes and the batrachians in the Judith 
River beds, afford very scanty and unsatisfactory evidence as to the 
age and proper correlation of the deposits. 

CHELONIA. 

Remains of chelonians are common in the Judith River beds. 
Altogether eight genera and fourteen species have been described 
from these deposits; most of these, unfortunately, are known from 
very fragmentary material, consisting for the most part of fragments 
of the carapace or plastron. In only a few instances is anything 
known of either the skull or the endo-skeleton. 

TRIONYX FOVEATUS Leidy. 

Trionyx fovealm Leidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 73. 

The type of this species was collected by Doctor Hayden in the 
Judith River beds. The nature of the material upon which Leidy's 

a Trans. Am. Philos. Soc., vol. 11, p. 150. 
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description of the species was based can be best appreciated by quot- 
ing his original description, which is as follows: 

The species is founded on fragments of several costal and sternal plates. The 
exterior surface of the costal plates is covered with pita, excepting close to the mar- 
gins; and the pits are small and round at the vertehral extremity, and gradually 
increase in size outwardly and heeome antero-posteriorly ohlong, oval, and reniform. 
A vertebral fragment of a third or fourth costal plate, a little over an inch in length, 
is 11 lines wide and 2 lines thick. Small fragments of the sternal plates present an 
exterior surface covered with broken vermicular ridges and tubercles separated by 
wide intervals. Fragments of a hyposternal plate are 3 lines in thickness. 

In a later paper" Doctor Leidy figures the type material and asso- 
ciates with it remains of another specimen collec ted by Hay den in the 
''Great Lignite Tertiary [probably Laramie] basin, near Long Lake, 
below Fort Clark," on Missouri River. He says of these remains 
that they arc " not distinguishable from Trumyx foveatus" but adds 
that " the specimens are too imperfect positively to determine whether 
they actually belong to the same species." Considering the difference 
in the age of the deposits, it is quite probable that had better material 
been at the disposal of Doctor Leidy he would have found them to be 
at least specifically distinct. 

Lambe 6 has described and figured much better material which he 
refers to this genus and species. His material was secured from the 
Judith River beds on the Red Deer River in Canada. 



Trionyr vagam Cope, 1874, Ann. Kept. IT. 8. (ieol. and Geog. Surv. Terr, for 1873, 



The original description of this species was as follows: 

Represented by a number of costal bones and perhaps of sternals also. The former 
are rather light or thin for their width, and are marked with a honeycomb pattern 
of sculpture, in which the ridges are thin and much narrower than the intervening 
pits. They incline to longitudinal confluence at and near the lateral sutures. 
Several area> are not infrequently confluent in a transverse direction near the middle 
of the bone. 



Four and five area- in 0.010 m. 

This species differs from the T. fweatu* Leidy in the much narrower interareolar 
ridges and larger are;e, and in their longitudinal confluence at the margins, characters 
exhibited by numerous specimens. 

Lignite Cretaceous of Colorado; near the mouth of the Bighorn River, Montana; 
Long Lake, Nebraska; found at the last two localities by Doctor Hayden. 



TRIONYX VAGANS Cope. 



p. 453. 



Measurement*. 



Width of costal bone . . . 
Thickness of costal bone 



M. 
0. 0370 
.0045 



a Trans. Am. Philos. Soc., vol. 11, IStH), p. 1-IM, PI. XI. 
6Cont. Canadian Palmont., vol. 3, pi. 2, 1902, p. 33, PI. I. 
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Lanibe 0 has described and figured from the Judith River beds of 
the Ked Deer Kiver in Canada remains of a turtle which he refers to 
this species. By reference to his figures, however, it will be appar- 
ent to all that the specimen described by Lambe pertains to a species 
distinct from T. vagan*. According to Lain he's figures the ridges on 
the surface sculpturing, instead of being "thin and much narrower 
than the intervening pits," as described by Cope, are heavy and 
broader than the intervening pits. There are other differences also 
of no less importance. It seems clear, therefore, that so far as our 
present knowledge goes the distribution of this species is limited to 
the Laramie, and that it should not be considered as a Judith River 
form. 

PLAST0MENU8 C0ALESCEH8 Cope. 

Plastomentts coaleacens Cope, 1875, Rept. U. S. Geol. Surv. Terr., vol. 2, p. 03, PI. VIII. 

This species is founded on fragments of plastron and carapace col- 
lected by George M. Dawson near Milk River, in Canada, from beds 
referred by Cope to the "Transition series, protably the Fort Union 
or Lignite epoch," but now known to belong to the Judith River 
series. The type material is extremely fragmentary and it would be 
difficult to identify other material by a comparison with Cope's descrip- 
tion, his figures, or the type. 

PLASTOMENTTS C08TATU8 Cope. 

Plastomenus coxtatwt Cope, 1875, Rept. U. 8. Geol. Surv. Terr., vol. 2, p. 94, PI. VIII. 

Founded on fragments of carapace and plastron collected by Doctor 
Dawson in the same region and from the horizon from which he 
secured the type of the preceding species. The observations made 
concerning the preceding species apply also to this. While we do 
not doubt that the remains upon which these two species have been 
founded are specifically distinct, yet from their exceeding^ frag- 
mentary nature they are of little value in determining other material. 
It would scarcely be possible to definitely refer any material with 
certainty to either species, so imperfect are the types. 

PLASTO ME NTJ 8 PUWCTTJLATU8 Cope. 

Plastomenus punctulalu* Cope, 1874, Ann. Rept. U. S. Geol. and Geog. Surv. Terr, 
for 1873, p. 453; 1875, Rept. U. S. Geol. Surv. Terr., vol. 2, p. 94, PI. VI. 

This species was "established on a costal bone found in association 
with the preceding species and referred to the genus PlaMonwnua pro- 
visionally, and with a possibility that it will be found not to pertain 
to it when fully known." Cope reports it also from the Lignite Cre- 
taceous of Colorado and from Long Lake, Nebraska. The t}'pe of 
the present species is even more fragmentary than the types of the 
last two species. 

aCont. Canadian Palaont., vol. 3, pt. 2, 1902, p. 36, PI. I. 
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PLASTOMENTJS IN8IONI8 Cope. 

PlaMoinenu* imignh Cope, 1874, Ann. Rept. U. S. Geol. and Geog. Surv. Terr, for 
1873, p. 454; 1875, Rept. I T . 8. ( Jeol. Surv. Terr., vol. 2, p. 05, PI. VI. 

This species is founded on tk a portion of the right hyposternal bone 
of a tortoise about the size of the last species and from the same 
locality." A reference to the figure of the type published by Cope 
will serve to further emphasize the extremely fragmentary nature of 
the material upon which lie based his description and the absolute 
hopelessness of referring with any degree of certainty other and 
better preserved material to this species. 

Cope is not at all clear as to the. locality or horizon from which the 
types of the last two species were derived. In describing /*. jmiwtu- 
latuH he says the type was found in association with the preceding 
species (P. coxtatu*)- The only locality given by him for the latter 
species is south of Woody Mount, near latitude 49°, British America. 
Then, in describing P. insignw, he says that the type was found in 
the same locality as the last species (/*. punctuldtu*)^ the inference 
being, therefore, that it also was found near Woody Mount. At the 
close of his description of P. pmwtulutus he adds " Lignite Cretaceous 
of Colorado ; also several fragments from Long Lake, Nebraska, 
from Doctor Hayden," while after the description of inmgnls he 
says, " Lignite Cretaceous of Colorado " — in neither instance making 
any reference to the Canadian locality. Now the localities given in the 
body of his descriptions of both these two species and those appended 
at the close are not only widely separated geographically, but the beds 
referred to are now known also to occupy very different stratigraphic 
positions. It would seem best to relegate both these species to the 
paleontologic scrap basket, since they are valueless from both a bio- 
logic and a stratigraphic standpoint. 

ADOCUS LINEOLATTJS Cope. 

Adocus lineolalus Cope, 1874, Bull. U. S. Geol. and Geog. Surv. Terr., vol. 1, No. 2, 
p. 30; 1875, Rept. U. S. Geol. Surv. Terr., vol. 2, p. 92, PI. VI. 

According to Cope, this species was ''established on a number of 
fragments from different exposures of the lignite beds primarily on a 
vertebral and sternal bone." The locality is given as "from lignite 
of Colorado, and mouth of Bighorn River, Montana," at neither of 
which localities are there any known exposures of the Judith Rivei 
beds. The types were almost surely secured from the Laramie. 

Lambe a has reported this species from the Judith River beds of 
Canada, and Cope A has included it in a list of vertebrates from the 
Judith River beds of Montana. Since in his several descriptions of 
material referred to this species Cope has nowhere mentioned any of 

a Com. Cunadian Pnlicont., vol. 3, pt. 2, 1W2, p. te. 

t»Bull. U. 8. Geol. and Geog. Surv. Terr., vol. 8, 1877, p. 573. 
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it as having been derived from the Judith River beds, it is more than 
probable that its appearance in Cope's list of Judith River vertebrates 
is due to an oversight. Considering the difference in age between the 
Judith River beds and the deposits which 3'ielded the types of the 
species, together with the extremely fragmentary nature of the latter, 
as will readily appear from an examination of Cope's figures, it would 
seem quit** probable that Lambe's identification of the "'two well pre- 
served fragments" from the Judith River beds of Canada, as pertain- 
ing to this species, may be incorrect, notwithstanding his remark that 
"this species is readily recognized by its neat and characteristic sculp- 
ture." 

BASILEMY8 00MTD8 (Cope). I 

Compsemyx oginius Cope, 1875, Kept. t". S. (ieol. Surv. Terr., vol.2, p. 91. 
Comptemys mriolom* Cope, 1876, I'roc. Acad. Nat. Sci. Philadelphia, 1876, p. 257. 

This genus and species is based on fairly good material discovered 
by the Canadian Boundary Survey near Milk River, Canada, and sup- 
plemented by other material discovered by Mr. Charles II. Sternberg 
in the Judith River beds of Montana. Cope's original description 
was as follows: 

Compxemyx oymim Cope. Represented in the collections of the British-American 
Boundary Commission by portions of the earapace and plastron. These are massive, 
and indicate a species of large size. As in other species of the genus, the external 
surface is a dense layer of cement or allied substance, which is sculptured with 
shallow pits. 

A portion of the costal bone is concave and increases rapidly in thickness in one 
direction. The suture is coarse, but neither gomphosial nor squamosal. A portion 
of the plastron is thinner, not curved, and displays a very coarse median suture, in 
part squamosal in character. The sculpture consists of shallow pits not wider than 
the low, smooth ridges which separate them. There are deep superficial grooves 
marking the boundaries of dermal areas, a feature in which this tortoise differs much 
from the P. coalesccn* and resembles the species of < 'ompxemyx. Should marginal 
bones be found to exist in the l\ oymhu, its reference to that genus will be further 
established. 

From 6 miles west of first branch of Milk River, near latitude 49°. 

The material discovered in Montana was referred to a distinct spe- 
cies, CompHemys car! of onus, and described as follows:" 

One of the most abundant and the largest species of the Fort Union bedB. The 
carapace is convex and the plastron flat; the marginal bones are heavy and strongly ' 
convex on the inferior side. The margin of the plastron is thickened and heavy — 
characters which also belong to all parts of the carapace. The sutures of the dermal 
scuta are deeply impressed, and the surface of the bone is strongly sculptured above 
and below and even on the superior face of the thickened margins of the free lobes 
of the plastron. The sculpture consists of round fossa 1 , which are deeply impressed 
and are arranged quincuncially, so that their borders never form straight lines. The 
latter are also more or less angulate on the edge, so that the surface has a more than 
usually rugose character. 

The typical specimen equals those of the large land tortoises of the Eocene in 
dimensions. 

aproc. Acad. Nat. Sci. Philadelphia. 1876, p. 257. 
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Lambe" has described and figin ed material pertaining to this species 
from the Judith River beds of Canada. He has also reported it from 
the Willow Creek division of the Canadian Laramie. It is not improb- 
able that the latter reference is incorrect. Lambe has placed this 
species in the genus Adorns, but Hay* has made it the type of a new 
genus, BasilemyH. Both these authors have accepted the specific name 
variolosus Cope, makings?/?.///.* Cope a synon\ r m of variofosus, although 
ogmius was described a year before variolosus. We collected remains 
of this species at several localities. 

BASILEMYS IMBRICARIU8 (Cope). 

Compsemys imbricariw Cope, 1870, Proc. Acad. Nat. Sci. Philadelphia, 1876, p! 257. 

This species is based on material from the Judith Kiver beds of 
Montana. The original description was as follows: 

This 8iKH'ies like the others of the genus, has the scutal sutures well defined, and 
the superficial surface of the carapace sculptured. The character of this sculpture 
distinguishes the species, and in the present instance in a special manner. It consists 
in the V. imbricarius, of excavations bounded on the sides by a short ridge each, 
which alternate with each other. Thus each bounding ridge terminates'abruptly at 
the fundus of one of the fossa?, while the other end of the fossa rises and contracts to 
another ridge. The result is precisely that seen in the interior sculpture of Saracenic 
domes or niches, and is one which is quite unique among tortoises. The direction 
of the ridges is at right angles to the costal dermal sutures. This species was about 
as large as the snapping tortoise ( Chelydra serpentina). 

Measurement*. 

Thickness of a costal bone 

Three fore measure { lengthwise 

I crosswise 

POLYTHORAX MI8STJRIENSI8 Cope. 

Pobjthorax mimiriensi* Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 258. 

This genus and species was described by Cope from the Judith Kiver 
beds of Montana. From his description, which is quoted below, it 
would appear to have been founded on ample material. 

Char. Gen. — Plastron with contracted fixed lobes and wide bridge; carapace with 
well-developed marginal bones; mandibular ramus narrow; alveolar face with acute 
external margin ; the symphysis neither produced nor recurved. Dermal scuta every- 
where distinct, those of the plastron the usual ones, with the addition of the two 
marginal intergulars, and two large interhumerals. The latter scuta are separated 
from the numerals by sutures running parallel with the humeral margin of the ante- 
rior lobe bet ween the gular and pectoral scuta. 

In the possession of interhumeral scuta, Polythorax differs from any known genus 
of Testudinata. The general structure is much like that of Adocux and Baena, with 
nearer resemblance to the latter in its double intergular scuta. It is impossible to 
ascertain whether there are intersternal Ixmen, as the plastron is ossified throughout. 

«» Ottawa Naturalist, vol. 15, p. 63, Pis. III-VI, and Cont. Canadian Paltcont., vol. 3, pt. 2, 1902, 
p. 39, PI. II. 
6 Bull. U. 8. Oeol. Survey No. 179, 1902, p. 445. 
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The presence or absence>of intermarginal scuta can not yet be determined, although it 
is clear, that if existing, their position is quite external. 

This genus is interesting as connecting in its stratigraphical position allied types of 
Cretaceous No. 5 (Adorns), with those of the Wahsatch and Bridger Eocenes (Baena). 

Char. Specif. — Carapace with openly dentate posterior border. The surface is irreg- 
ularly swollen, especially on the median line near the margins of the vertebral scuta. 
The vertebral scuta are wide, the costals short, and the marginals narrow. The ante- 
rior lobe of the plastron is a little shorter and more contracted than the posterior; 
its base is narrower than the antero-posterior extent of the bridge. Its extremity is 
rounded, while that of the posterior lobe is truncate with rounded angles. The gular 
and intergular scuta are each wider than long, while the interhumeralsare much longer 
than wide. The numerals are narrow, while the pectorals are wide from the anterior 
position of the pectero-huraeral suture. Each anal scutum is longer than wide. 

The surface of the plastron isobsoletely but coarsely rugose; the roughness greatest 
anteriorly, where it consists of short raised lines irregularly disposed. 

Measurement*. 



M. 

Length of plastron 0. 183 

Length of anterior lobe 049 

Length of bridge 076 

Width of bridge 076 

Width of extremity of posterior lobe 035 

Thickness of inguinal region 010 



From our present knowledge concerning the stratigraphic position 
of the Judith River beds it is evident that Cope was in error in sup- 
posing that this genus was intermediate between certain forms (Adocu«) 
from the Fox Hills (Cretaceous, No. 5) and others pertaining to the 
genus Baeniiy from the Wasatch and Bridger Eocenes. 

BAENA ANTIQ.UA Lambe. 

Baena antiqua Lambe, Cont. Canadian Paheont., vol. 3, pt. 2, 1902, p. 44. 

This species is founded on portions of carapace and plastron, prob- 
ably pertaining to a single individual, from the Judith River beds of 
the Red Deer River, Canada. Lambe- s description of the species is as 
follows: 

* 

What is preserved of the carapace is in an excellent state of preservation. Five 
neurals in<all are represented, with five pairs»of costals*. The sutures are sinuous and 
fine, but can be traced with ease. The sulci am very distinct. 

The neurals are rather irregular in shape and of nearly equal size. The costals 
partake of the#same irregularity of outline. The-outersurfaee is almost smooth, the 
only unevenness being due to a few striatums and depressed, roughened markings 
erratically disposed. Striations also occur at right angles to the sutures, forming an 
obscure border sculpture. The vertebral shields are broader than long, more espe- 
cially the first one. The rib heads are well developed. There is a strong and abrupt 
thickening in the axillary region, but elsewhere the shell is thin. The anterior 
border is evenly rounded. 

The front end of the plastron is rather broad in proportion to the length of its 
component parte, of which the epiplastrals, the entoplastral, and small portions of the 
hypoplastrals are preserved. The entoplastral, seen from below, is diamond shaped, 
a little broader than long, and placed far forward on account of the shortness of the 
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suture between the epiplastrals in front. Seen from above, or within, the entoplas- 
tral is much longer than broad, its breadth being reduced and its posterior half being 
prolonged backward. Similar extensions of the posterior border also occur in the 
upper surface of the epiplastrals. Sulci, as indicated in the figure, define the bounda- 
ries of the gular and intergular shields. 

BAENA HATCHEEI Hay. 

Baina hah'heri Hay, Annals Carnegie Museum, vol. 1, p. 325. 

The type of the present species was described by Hay from the 
Laramie deposits of Converse County, Wyo. It has been reported 
by Lambe" from the Judith River beds of Canada. Considering the 
difference in size, the variation shown in the different elements of the 
plastron as figured and described by Lambe, and the difference in 
stratigraphic position, there can be little doubt that Lambe was in 
error in referring his material to the present species, which may there- 
fore be very properly excluded from the known species of the Judith 
River fauna. The material referred by Lambe to B. hatcJwri should 
either be included in B. antiqua or made the type of a new species. 

NEURANXYLTJB EXIMITJS Lambe. 

Neurankylus eximim Lambe, Cont. Canadian Paheont., vol. 3, pt. 2, 1902, p. 42. 

This genus and species is based on portions of the posterior half of 
a carapace from the Judith River beds of Montana. According to 
Lambe, 44 the great development of the last neural by apparent coales- 
cence with a suprapygal, the resulting compression of the pygal region, 
and the addition of a ninth pair of bones to the series of costals form 
a combination of characters that is both interesting and unique." The 
genus is considered by its author to show 44 greater affinity to the 
Chelydrida? than to any other group.'"' 

In addition to the forms mentioned above, Osborn 6 has mentioned 
Compxi tntjH virtu* Leidy and C. obscurux Leid}' as occurring in the Cre- 
taceous of Montana, which might be taken 1 as evidence that thev also are 
Judith River forms. In no descriptions of either of these species can 
I find any suggestion that remains of either have been described from 
Montana. The types of both were from the Cretaceous near Long 
Lake, on Missouri River below Fort Clarke. 

From the above remarks concerning the turtles of the Judith River 
beds it will be seen that while several of the included species have 
been founded on very fragmentary material, a few of them have been 
based on fairly complete specimens of either the carapace or plastron, 
or both. While some of the genera mentioned, like Ba 'tna and Adocus, 
are of such persistent types that they may be considered, at present at 
least, as of comparatively little value for purposes of correlation, never- 
theless when the chelonian fauna of these beds is known from more 

a Cont. Canadian Palteont.. vol. 3, pt. 2, 1902, p. 43. 
Moid., p. 12. 
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complete material and is thoroughly studied it will doubtless prove to 
be quite different from that of the Laramie. 

RHYNCOCEPHALIA. 

CIIA MP 8 0 S AURU8 Cope. 

Champsosaurv* Cope, Proc. Acad. Nat. .Sei. Philadelphia, 1876, p. 348. 

This genus was described by Cope from material consisting for the 
most part of detached and scattered vertebra? from the Judith River 
and Claggett beds of Montana. Vertebra* pertaining to representa- 
tives of the genus arc common almost everywhere in the Judith River 
beds. They are perhaps the most abundant of the vertebrates of these 
beds. The vertebras are easily recognized, though, as a rule, only the 
centra are preserved. These are biconcave or amphiplatyan, slightly 
keeled below and flat above, with a broad rib facet situated on the 
upper border and at about the middle of the centrum. Cope has dis- 
tinguished four species of Cha m pxwmmm from remains found in 
these beds. 

CHAMPSOSAURUS PROFUNDUS Cope. 

Champsosaurus profundu* Cope, Proc. Acad. Nat. 8ci. Philadelphia, 1876, p. 350. 

This, the type species of the genus, was founded on a cervical, three 
dorsals, and a sacral, presumably from the same individual, from the 
Judith River beds. Distinguished chiefly by the great development 
of the inferior keel. 

CHAMPSOSAURUS ANNECTEN8 Cope. 

Chamjm>saurun ar.neden8 Cope, Proc. Acad. Nat. Sei. Philadelphia, 1876, p. 351. 

In describing this species Cope remarks that "the greater number 
of vertebra? obtained belong to this saurian, which may therefore be 
looked upon as the type of the genus.'' Since, however, the preceding 
species was described first, it would perhaps be better to follow the 
regular rule in such cases and regard it as the type of the genus, as 
was done by Hay in his Catalogue of American Fossil Vertebrates. 
The species is founded on several vertebra 1 , of which Cope remarks: 
"I can not certainly connect the vertebra? of a series as those of a 
single individual." 

This species has been reported by Lam be" from the Judith River 
beds of Canada. 

CHAMP8 08 AURU8 BREVICOLLIS Cope. 

Champsosaurus brevirollis Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, 
p. 352. 

This species is founded on a single cervical vertebra, of which Cope 

remarks as follows: 

The evidence for the existence of this species must be allowed to rest at present on a 
cervical vertebra, with free hypapophysis. This body differs from the corresponding 

aCont. Canadian Palaeont.. vol. 3, pt. 2, 1902, p. 4ft. 
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one in the C. annectens in its greater brevity as compared with its length. The vertical 
and transverse diameters exceed the longitudinal in the C. brericollis, while in the 
C. annectens the length exceeds both. The inferior aspect of this centrum is broadly 
rounded, not carinate as in C. annectens. The value of this character is uncertain, 
but a centrum similarly rounded below (above alluded to) has the more elongate 
form of the C. annectens. 

CHAMP808ATJRTT8 VACCIN8TTLENSI8 Cop«. 

Champsosaurus vaccinsulemis Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, 
p. 353. 

This species is founded on a single vertebra. It is defined by Cope 
as follows: 

This reptile is indicated by a posterior dorsal vertebra in which the common base 
of the neural arch and diapophysis is decurved to below the middle of the side of 
the centrum. This surface has somewhat the outline of the section of a T-rail, the 
inner portion being on the superior face of the centrum. The centrum is shorter 
than the corresponding ones of the C. annectens and C. profundus, so that the basis of 
the neural arch approaches near the borders of the articular faces above. The cen- 
trum is perforated by two vertical foramina as in most Sauropterygia. The osseous 
tissue of the bone is quite dense and the surface is smooth. 

Measurements. 

M. 

fantero-posterior 0.026 

Diameter of centrum. I vertical 029 

I transverse 045 

Besides the much larger size, this ei>ecie8 differs from those previously referred to 
this genus in almost all details of proportion, etc. 

From Cope's description of the vertebra which constitutes the type 
of this species it would appear not unlikely that it pertains to a genus 
distinct from ChampHomurm, though from the nature of the type it 
must be evident to all that it is impossible to properly define either 
the genus or the species to which it pertains. 

Of the three preceding species of Chaiiipxosauriuf it may be remarked 
that, while it is more than probable that several species pertaining to 
this genus are represented in the Judith River beds, yet, owing to the 
fragmentary and disarticulated nature of the remains upon which Cope 
ba'sed his descriptions, he was unable to properly define any of the spe- 
cies, and it would be quite impossible to refer any material with cer- 
taint}- to any of the species described by him. It has yet to be shown 
that most of the characters mentioned by Cope as distinguishing his 
species are not present in vertebrae from different regions of the ver- 
tebral column in the same individual. Mr. Barnum Brown has been 
recently engaged in making a study of some most excellent skeletons 
of Champsmauru* collected by himself in the Laramie. When the 
results of his studies are published we shall doubtless know more of 
the structure of the Cretaceous rhyneocephalians and be able to 
arrive at a more definite conclusion concerning the nature and validity 

Bull. 257—05 6 
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of the various species named by Cope. Owing to the fact that these 
Judith River forms are known almost exclusively from disarticulated 
vertebral centra, and considering the usually very simple structure of 
these throughout the entire vertebral column in this group, it may at 
present be considered difficult, if not impossible, to distinguish the 
Judith River forms from one another or from the later Laramie 
forms. Vertebne of the character now known to pertain to Ohamp- 
sosauru* were first described and figured by Lcidy" as belonging to 
Palxosciiteits costatus. They arc now, however, known to have been 
associated with teeth entirely different from those described and fig- 
ured as the type of that genus and species. 

CROCODILIA. 

CROCODILUS HTJMILIS Leidy. 

Vrorodilm humili* Leidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 73. 

This species was founded on a number of teeth from the Judith 

River beds of Montana. Leidy's original description was as follows: 

The species ia founded on ten specimens of shed crowns of teeth, apparently of a 
small species of crocodile. The largest specimen is 7£ lines long and 3£ lines in 
diameter at base, which is nearly circular. Another specimen is 7 lines long and 2$ 
lines in diameter at base, and a third specimen is 6 lines long and 3J lines in diameter 
at base. These are all moderately curved conical, nearly circular in transverse sec- 
tion, with the two usual internal acute ridges, and with the intervening surfaces 
slightly striate or nearly smooth. The crown of a posterior tooth is compressed, 
mammillary in form, 2£ lines long and 2\ wide at base, with the summit obtuse, and 
the sides finely and longitudinally rugose. 

From the above description it will readily appear that the simple 
conical teeth upon which the species was based furnish no characters 
for the positive identification of other material. 

B0TT08AURUS PERRUG08T7S Cope. 

Bottomurm perrugoisus Cope, 1874, Bull. U. S. Oeol. and Geog. Surv. Terr., vol. 1, 
No. 2, p. 26. 

This species is founded on u numerous fragments with vertebra? and 
portions of skull" from Laramie deposits of eastern Colorado. 

Lambe* has reported this species from the Judith River beds of the 
Red Deer River in Canada. Considering the fragmentary nature of 
the type material and the difference in the age of the deposits, Lambe's 
identification may be incorrect. It would seem better to accept it 
as only provisional until such time as the Crocodilia of the Judith 
River beds and the Laramie have been studied from more perfect 
material. 

aTrans. Am. Philos. Soc. vol. 2, p. 146, PI. IX. 
bCont. Canadian Paleont., vol. 3, pt. 2, 1902, p. 48. 
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DINOSAURIA. 

A number of genera and species of dinosaurs have been proposed 
by Leidy, Cope, and Marsh, based upon detached teeth from the 
Judith River beds, although nothing definite is known concerning the 
nature of the animals to which they pertained. Some of these have 
been considered as pertaining to the Lacertilia, others to the Dino- 
sauria, and still others to the Mammalia. I shall consider them col- 
lectively, however, as doubtfully pertaining to the Dinosauria. They 
are all founded on such fragmentary material as to be of little value 
except as bearing evidence of the diversity of the fauna. 

TBOtfDON F0EM08U8 Leidy. 

Troddon formom* Leidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 72; 1860, 
Trans. Am. Philos. Soc, vol. 11, p. 147, PI. IX. 

This genus and species was founded on the crown of a single tooth 
from the Judith River beds of Montana. Teeth of very similar size 
and pattern are not uncommon in the Laramie of Converse County, 
Wyo. Lam be a has reported the genus and species from the Judith 
River beds of Canada. 

DELN0D0N HOBBIDUS Leidy. 

Deinodon horridus Leidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 72; 1860, 
Trane. Am. Philos. Boc., vol. 11, p. 143. 

This species was originally founded on a number of detached teeth 
from the Judith River beds, evidently pertaining to more than one 
genus and species, as was subsequently recognized by Leidy h when he 
made the more problematical of the teeth at first referred to this 
genus and species the type of a new genus and species, AiMyxodmi 
mirandm. The remaining teeth referred by Leidy to the present 
genus clearly pertain to members of the carnivorous Dinosauria. 

AUBLY80D0N MIBANDU8 Leidy. 

Aublysodon mirandus Leidy, 1868, Proc. Acad. Nat. Sci. Philadelphia, 1868, p. 198. 

This species was founded on detached teeth from the Judith River 
beds of Montana. These teeth are variable in size and character. 
Their nature is problematical. Marsh has suggested that some of 
the smaller forms might possibly be mammalian. It seems more 
probable, however, that they are all reptilian and that they pertain to 
some form of carnivorous dinosaur. In general form the teeth arc 
subcorneal, flattened on one side and convex on the other, with a rather 
blunt apex. Teeth of this character are fairly common both in the 
Judith River beds and the Laramie. Marsh c has named without 

aCont. Canadian Palseont., vol. 3, pt. 2, lVW.'. p. 17. 

*>Proe. Acad. Nat. Sri. Philadelphia, p. 19S. 

« Am. Jour. Sci., 3d ser., vol. 44, 1892, pp. 174 and 175, PI. III. 
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describing two species of the present genus, A. amplm and A. eris- 
tatux, from material found 4k in the Ceratops beds of Montana and 
Wyoming." Since neither of these species was properly described 
by Marsh, they may as well be abandoned. While, as remarked 
above, teeth of the same pattern as those described and figured by 
Leidy are common in both the Laramie and the Judith River beds, 
they do not of themselves afford characters of sufficient importance 
to distinguish either genera or species. 

PARONYCHODON LACU8TEIB Cope. 

Paronychodon tacustri* Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 256. 

This species was founded on detached teeth with subconic crowns, 
"one side of which is convex and the other side plane." After a com- 
parison of Cope's description of the present genus and species with 
Leidy's description and figures of the preceding, it is evident that 
the teeth described by Cope are of the same form as those described 
by Leidy. Since Cope's material was derived from the same general 
locality in the Judith River beds as Leidy's, the last-named genus and 
species may well be considered a synonym of the first. 

ZAPHSALI8 ABRADUS Cope. 

Zaphsali* abradux Cope, 1876, Proc. Acad. Nat, Sci. Philadelphia, 1876, p. 344. 

This species was founded on detached teeth from the Judith River 
beds of Montana. The meager description given by Cope without 
figures renders it impossible to certainly identify any of the forms of 
teeth known from these deposits with those referred to by Cope in his 
description. It seems probable, however, that his description was based 
on certain small teeth found not very abundantly in both the Laramie 
and the Judith River beds and characterized by sharp, compressed 
crowns, broad at base and pointed above, flat on one side and gently 
convex on the other, with denticulate posterior and smooth anterior 
border. The flat surfaces of these teeth are distinctly striated and 
have the appearance of having been applied to one another in a man- 
ner like that of the inner surfaces of the anterior pair of incisors in 
some rodents. They evidently pertain to the Reptilia, and may repre- 
sent anterior teeth which occupied a position in the jaw similar to 
that of the incisors in certain Mammalia. Their exact nature must, 
however, for the present at least, remain uncertain. 
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THEROPODA. 

DEINODON Leidy. 

Deinodon Leidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 72. 

Cope" has pointed out that Deinodon Leidy was essentially preoc- 
cupied by Dinodon* applied by Dumferil in 1853 to a genus of reptiles. 
Cope by reason of this substituted the genus L<elapH, b founded in 1S(>0 
on material from the Greensands of New Jersey, overlooking the 
fact, later pointed out by Marsh*", that L<eUqm was also preoccupied, 
having been applied by Koch in 1835 to a genus of Arachnida. At 
the same time Marsh proposed the generic name Dryptomurnx to 
replace Lsdap*. Considering that Leidy 's spelling of the name 
Deinodon differed from that of Dumferil, not a few naturalists would 
be in favor of retaining the former as a good generic name. It is 
retained here for those carnivorous dinosaurs with teeth after the 
pattern of those to which it was restricted by Leidy in 1859. Should 
this name be abandoned as preoccupied it would perhaps be best to 
give to these Judith River carnivorous dinosaurs a new generic name 
rather than to refer them to Dryptomunui, founded, as we have seen, 
on material from the New Jersey Greensands. 

Besides the type species, D. horridm, already mentioned as having 
been described by Leidy from detached teeth from the Judith River 
beds of Montana, a number of other specific names have been proposed, 
more especially by Cope, for fragmentary remains from these deposits. 
These so-called species have been referred sometimes to the present 
genus, sometimes to Lidupx, Aithh/wdon, Dryptoxauru*, etc. I shall 
refer to them all under the present genus. 

DEINODON LATERALIS (Cope). 

Aublimodon lateralis Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 248. 

This species is founded on detached teeth from the Judith River 
beds of Montana. From Cope's description of this species it is evi- 
dent that the teeth upon which it is based belonged to the genus 
Deinodon rather than Anbtyxodon, as those genera were restricted by 
Leidy. Considering the heterodont nature of the teeth in those 
carnivorous dinosaurs, it is doubtful if the present species is distinct 
from the type of the genus. 

DEINODON INCRASSATUS (Cope). 

Lxlap* inemmdu* Cope, 1876, Proc. Acad. Nat. Sci. Philadelpia, 1876, p. 248. 

This species was founded on i4 two teeth, a larger and a smaller, 
which were found near each other, but not sufficiently so as to war- 

«Trans. Am. Philas. Soc., vol. 14, 1870, p. 117. 
l>Proc. Acad. Nat. Sci. Philadelphia. 18«5, p. 276. 
o Am. Jour. Sci., 2d ser., vol. 14, 1877, p. 88. 
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nint the belief that they pertain to the same individual." These teeth 
are probably from near the anterior and posterior extremities of the 
series in some representative of D. horridu* Leidy. 

DEINODON EXPLANATU8 (Cope). 

Lirfups explanahu Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 249. 

This species was founded on numerous teeth of an apparently small 
carnivorous dinosaur from the Judith River beds of Montana. So far 
as it is possible to determine its characters from the teeth alone, it 
appears to be quite distinct from any of the others. Teeth similar 
in character to those described by Cope are common in both the 
Judith River beds and the Laramie. Cope has described the crowns 
of these teeth as "strongly compressed and curved; one side is flat, 
the other gently convex." It is probable that the teeth described by 
Cope occupied a median position in the jaw and that the flat surface 
was the inner. 

DEINODON FALCULUS (Cope). 

Lxlap* falcnlm Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 249. 

This species is founded on several teeth from the Judith River beds 
of Montana. According to Cope, they are of about half the size of 
those of the last-mentioned species and are relatively shorter, stouter, 
and less sectorial in character. They may represent anterior teeth of 
that species. 

DEINODON HAZENIANUS (Cope). 

Lvclap* hazenianus Cope, 1H76, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 343. 

This species is founded on seven detached teeth from different locali- 
ties. Teeth of the character of those described by Cope are not 
uncommon in both the Laramie and the Judith River beds. They 
appear to pertain to the anterior dentition of some of these carnivorous 
dinosaurs, probably of J), horrldus. 

DEINODON LJEVIFK0N8 (Cope). 

Lirlapx hrtfronx Cope, 1S76, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 344. 

This species is founded on a single tooth from the Judith River beds 
of Montana. It is distinguished by the absolutelv smooth character 
of the anterior edge, a character of doubtful value. 

DEINODON CEI8TATUS (Cope). 

Lu'lups cristalus Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 344. 

This species is founded on detached teeth from the Judith River 
beds resembling those of Troikfon in character and size, and possibly 
pertaining to that genus. 
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OBNITHOMIMUS Marsh. 

Ornithomimu* Marsh 1890, Am. Jour. Sei., 3d ser., vol. 34, p. 84. 

The present genus was based upon material from the Laramie 
(Denver) beds of eastern Colorado. Other species referred to the 
same genus by Marsh were secured in Cretaceous deposits in the 
Judith River region of Montana. 

OBNITHOMIMUS TENUIS Marsh. 

Omithomimus tenuis Marsh, 1890, Am. Jour. Sci., 3d ser., vol. 34, p. 85. 

This species is founded on a portion of a third metatarsal from the 
Judith River beds of Montana. 

OBNITH 0 MIMU8 0 BAND IS Marsh. 

Ornithomimu* grandis Marsh, 18iM), Am. Jour. Sri., 3d ser., vol. 34, p. 85. 

This species is founded on fragments representing a considerable 
portion of a skeleton from the Eagle sandstones near the mouth 
of Cow Creek, opposite Cow Island, on the north side of Missouri 
River, Montana. This species, which is much the largest of this genus, 
has been erroneously referred to the Judith River beds. Our researches 
in the season of 11)03 demonstrated conclusively that the sandstones 
from which it was obtained belong to the Eagle formation and per- 
tain to a horizon decidedly older than the Judith River beds. Here- 
after it should be referred to the Eagle formation. It was a reptile 
of enormous proportions. The third metatarsal, according to Marsh, 
has a length of 600 mm., and was 90 mm. in transverse and 80 mm. in 
antero-posterior diameter at its distal extremity. 

OBNITHOMIMUS ALIUS Lambe. 

Ornithomimu* altu* Lambe, 1902, Cont. Canadian Palieont., vol. 3, pt. 2, p. 50. 

This species is based on considerable portions of the skeleton from 
the Judith River beds of the Red Deer River region in Canada. 
According to Lambe's description of the species, the type may be con- 
sidered as consisting of " a complete hind limb (including the foot), the 
phalanges of the left foot in place, a pubic bone, and an ischium, of 
one individual (No. 930 Can. Geol. Survey)." The present species 
appears, from Marsh's very meager description, to be very closely 
related to, if not identical with, that of O. tenui* Marsh, based upon 
material from the same beds in Montana. 

Although the genus Ornithomimu* represents the most highly 
specialized theropod dinosaurs found in these beds, they are at present 
represented in our various museums by such meager material that it 
is as yet quite impossible to determine many of the more important 
characters of the genus or to satisfactorily compare the various 
species with one another. Whenever by the discovery of more 
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perfect material it shall become possible to make comparative studies 
of the various species of Ornithouiimidte now reported from the 
Eagle formation, the Judith River beds, and the Laramie, they will 
doubtless prove to exhibit many anatomical ditferences, perhaps even 
of generic importance, and show various degrees of specialization 
which are at present not discernible. 

PREDENTATA. 

STEGOSAURIA. 

PALX08CINCU8 C0STATU8 Leidy. 

Palamcincus costatm Leidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 72. 
In proposing the genus and species Leidy remarks as follows: 

The genus and species is founded on a single specimen of a tooth of a laeertian, 
discovered by Doctor Hayden. 

The crown of the tooth is palmate, with eight radiating costa; terminating at the 
margin in more or less developed points. The fang is flattened, cylindrical, and is 
hollow; and it expands into a ridge surrounding the base of the crown. Breadth of 
the crown 4 lines, length 2 J lines; width of the fang 2 lines, thickness 1 line. 
Whole length of the specimen 4 Unas. 

This tooth was subsequently figured and described" in greater detail 
by Doctor Leidy. In this description it was provisionally associated 
with certain vertebra? now known to belong to the rhyncocephalian 
genus Champsosaunm. 

Teeth of the same general form and pattern as that described and 
figured by Leidy are common in the Judith River beds and the 
Laramie. As yet they have only been fouud detached, so that nothing 
is positively known as to the nature of the animals to which they 
belonged. On account of their close resemblance to the teeth of 
stegosaurian reptiles from the Jurassic, they have been very generally 
considered as pertaining to representatives of the Stegosaurida?. 

Lambe 6 has reported this species from the Judith River beds of the 
Red Deer River region in Canada. We found teeth not specifically 
distinguishable at various localities both in Canada and in Montana. 

PALfiOBCIirCTJB ASPEB Lambe. 

Pnlieotcincmavper Lambe, 1902, Cont. Canadian Paheont., vol. 3,pt.2, p. 54, PI. XVII. 

This species is founded on the crown of a single tooth from the ' 
Judith River beds of the Red Deer River region in Canada. Accord- 
ing to Lambe, the present species is distinguished as follows: "The 
serrations are more numerous, the sides more conspicuously ridged, 
whilst the double row of denticles at one end of the cutting edge, 
besides being novel, is most interesting and instructive, in that it is 

* Trans. Am. Philos. Soc, vol. 11, 1800, p. 146, tl. IX. 
bCont. Canadian PaUeoat., vol. 8, pt. 2, 1902, p, 58. 
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suggestive of a progressive step toward the development of a double 
row of tubercles such as is found in the molars of the Multitubercu- 
lates." I am of the opinion that the characters mentioned above may 
be due to age or the position occupied by the tooth in the jaw, 
rather than to any specific distinction. 

STE REOCEPH ALU B TUTUS Lambe. 

Stcreocephahi* ttUus Lambe, 1902, Cont. Canadian Palunint., vol. 3, pt. 2, p. 55, Pis. 

XI, XII, XXI. 

The present genus and species has been described by Lambe from 
remains pertaining to several individuals, for the most part found dis- 
sociated in the Judith River beds of the Red Deer River region in 
Canada. Lambe's description was based on material believed by him to 
represent parts of the skull, the ribs, teeth, dermal scutes, and spines or 
plates. He refers the genus to the Stegosaurida*, and it appears more 
than probable that the tooth figured by him in the text may pertain to 
some member of that family, though it remains to be shown that it is 
distinct from the previously mentioned genus. This tooth certainly 
resembles very closely a large and worn tooth of Palieoscincm. 

The fragment of skull, together with the five-keeled bony scutes 
found in connection with it, may or may not pertain to the same genus 
as the tooth and detached dermal plate. There is considerable evi- 
dence, however, for referring them to the Crocodilia rather than the 
Dinosauria. Scutes very similar to those figured and described by 
Lambe, though of much smaller size, are common in the living cayman 
and other members of the Crocodilia, while remains of crocodiles of 
gigantic size are known to occur in the Judith River beds. It seems 
not impossible, therefore, that remains of reptiles pertaining to two 
distinct orders have been associated in the description of this genus. 

CERATOPSOIDEA. 

CEKATOPSID^E. 

Marsh a proposed the family name Ceratopsida?, from the genus 
CeratopX) to include a group of quadrupedal horned herbivorous dino- 
saurs from the Judith River beds and the Laramie. This family 
included, perhaps, the most highly specialized members of the pre- 
dentate dinosaurs. It reached its culmination in the Laramie, where 
it was represented by numerous individuals pertaining to several 
genera and species. In Judith River times, however, the family had 
already acquired a marked degree of specialization, and was represented 
by at least two or three genera and several species pertaining to 
decidedly more primitive types than the later Laramie forms. At 

o Am. Jour. Scl., 3d aer., vol. 36, 1888, p. 478. 
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present two genera are clearly recognizable among the remains of 
Judith River Ceratopsidaj. A number of other genera supposed to 
belong to this family have been referred to these beds. Some of these 
genera are based on such fragmentary material that it is quite impos- 
sible to identify them specifically or to determine their relations. 
Some genera are known to belong to other families of the Dinosauria, 
and one or two have been referred by some authors to these beds the 
types of which it seems more than probable were derived from the 
Laramie, although no definite statement was made by their author as 
to their geographic or stratigraphic position beyond the fact that they 
were from the Laramie. This assertion might now be taken as mean- 
ing anywhere from the base of the Judith River beds to the top of the 
Fort Union. 

DYSGANU8 Cope. 

Dysganw Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 250. 

The present genus was the first to be proposed for these dinosaurs. 
Unfortunately it was based on such imperfect material that Cope was 
unable to describe it in such a manner that it can be identified with cer- 
tainty. The genus was founded on a number of detached teeth per- 
taining both to members of the present family and to the Trachodon- 
tidaj, a family of bipedal dinosaurs common also in the Judith River 
beds. Cope proposed four species based upon the remains of teeth 
referred to Dysganm. Since all of these species are unidentifiable, 
it is only necessary to mention them in this connection. They are as 
follows: Dysgavnus bimrinatm, 1). encauxtm, D. hmjihmhtn ux, D. 
peiganus, 

M0N0CL0NITT8 Cope. 

Monoclonius Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 255. 

This is perhaps the best known dinosaurian genus from the Judith 
River beds. Although distinguished chiefly by its cranial characters, 
the remainder of the skeleton is also fairly well known. Altogether 
seven species have been referred to this genus — four by Cope and 
three by Lambe. After a careful study of the remains upon which 
these various species were based, it is evident that they pertain to more 
than one genus. 

Considering Monoclonius crassus Cope, the first species described, 
as the type of the genus and basing our diagnosis of the genus upon 
the material used by Cope in defining this species, the present genus 
may be distinguished by the following characters: Parictals per- 
forated by lateral fontanelles of moderate dimensions separated by a 
broad, thin, median parietal bar. Sutures for squamosals much abbre- 
viated, indicative of short and proportionally broad squamosals. 
Supraorbital horn cores very short, straight, and triangular in cross 
section. Nasal horn long and curved backward. 
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M0N0CL0NITJ8 CRASSUS Cope. 

Monoclonixus crasms Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 256. 

This species is founded on a sacrum, several vertebrae, limb bones, 
portions of skull, teeth, etc., from the Judith River beds of Montana. 
Owing to the imperfect nature of the material, together with the 
unusual form of some of the elements, which are so strikingly different 
from those in all other known reptiles, Cope's description of this species 
was erroneous in many respects, as will appear from the following 
quotation: 

Sacrum with ten vertebral, the last centrum much compressed, the dyapophyises 
extending horizontally from the neural arch above, and connected by a vertical 
lamina with the iliac supports; length, 27.33 inches. The bones of the limbs are 
robust, the hinder the longer, but not so much so as in some other genera. Length 
of femur, 22 inches; greatest diameter, proximally, 8 inches; distally, 7.25 inches. 
The three anterior dorsal vertebrae are coossified, and the first exhibits a deep cup 
for articulation with the preceding vertebra. The episternum is a T-shaped bone, 
thin and keeled on the median line below. Length of transverse portion, 21 inches. 

The three coossified vertebra? are now known to be the anterior 
cervicles instead of the dorsals, while the "episternum" is in reality 
the parietal. Cope's description of the teeth and their method of 
replacement is likewise erroneous. The teeth in the present genus, 
instead of resembling those of Iladromuru* and being replaced from 
in front as in that genus as stated by Cope, differ markedly from the 
teeth in any of the bipedal dinosaurs. The crowns of the teeth in 
Monodoniux, as in all the Ceratopsidai, are compressed and acuminate, 
There is a strong median vertical keel on the external wall in the upper 
teeth and a similar one on the internal wall of the lower teeth. In the 
unworn teeth the opposite walls of both the inferior and the superior 
teeth present a broad keel. The teeth are replaced from beneath and 
not from the "front," as in Ilydnwturus. All the adult teeth, save, 
perhaps, those at either extremity of the dental series, are two rooted. 

MONOCLONIUS DAW80NI Lambe. 

Mimochnim damtmi Lamlw, 1902, Cont. Canadian Palaont, vol. 3, pt. 2, p. 57, PI. 

XVI, XIX, XX. 

This species is founded on a considerable portion of a skull from the 
Judith River beds of Canada. The type (No. 1 173, Can. Geol. Survey) 
consists of a very fragmentary skull with large and somewhat com- 
pressed nasal horn core curved backward, ovate in cross section with 
the broad end of the oval directed anteriorly. The orbit is nearly 
circular, and there still remains in the type the base of a small rudi- 
mentary supraorbital horn core, notwithstanding Lambe's statement 
that it shows no trace of a horn core. This rudimentary horn core is 
flattened on its external surface as in the cotype of Moiiocloiihis eraxms 
Cope. The apex of this horn is wanting in the present specimen. A 
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fragment of the parietal is preserved, showing three or four of the 
marginal undulations. These resemble those seen in the type of Mono- - 
donim ermsxis Cope, and I am inclined to regard the present species 
as closely allied to, if not identical with, the M. crassw of Cope. The 
nasal horn and orbit are very large when compared with the occipital 
condyle, the maxiliaries, and the quadrate. 

The peculiar parietal associated by Lambe with the type of M. 
dawsmii may be regarded as pertaining to a distinct species and per- 
haps also to a distinct genus. The median parietal bar is very heavy 
and deeply emarginate posteriorly, where on either side it gives off an 
elongated process which is pointed and curves inward and slightly down- 
ward. The bases of these processes are separated from one another 
by a distance of 800 mm. They are each 109 mm. in length, have a 
breadth of 1 12 mm. at the base, and a thickness of 30 mm. They are 
acutely pointed, have rugose surfaces with deep vascular grooves, and 
in life were evidently ensheathed in horn. The posterior border of 
the parietal between the bases of these processes is very thick and 
rounded. On the superior surface, in the middle just in front of the 
posterior border, there is a rather deep concavity. The median bar of 
the parietal is very thick throughout its entire length. Its superior 
surface is marked by a number of very gentle elevations; it is rugose 
and shows shallow vascular impressions. Besides the processes already 
mentioned as present on the posterior portion of the parietals, there is 
on either side a series of seven emarginations on the parietal borders, 
separated by as many prominences. The posterior of these promi- 
nences are the larger, and they each bear evidence of having supported 
a distinct epoccipital bone during the life of the animal, save perhaps 
the two anterior, which appear to have been overlapped by the squamo- 
sal, since the parietal in this region presents a rather distinct sutural 
surface for contact with the squamosal. The parietals on either side 
of the median bar present a large fontanclle, and the margin of bone 
inclosing this is very thin. These fontanelles have a length of 292 mm. 
and a breadth of 254 mm. The parietal bar is concave on its inferior 
surface, and more especially anteriorly. At its anterior extremity it 
presents a number of cavities and articulates with the postfrontals. 

One-half of a horn core, split longitudinally and found with this 
peculiar parietal (No. 971, Can. Geol. Survey) referred by Lambe, 
though I think erroneously, to M. daiesoni, appears to represent one- 
half of a nasal horn of the t} T pe described by Cope as M. sphenocents. 
Owing to the imperfect nature of this specimen it is not possible to 
determine positively whether it represents a nasal or a supraorbital 
horn core. It seems more than probable that this t} T pe of parietal 
was associated with a nasal horn similar to that of Jf. sphenocerus. 
If the horn core should prove to be a supraorbital the evidence 
would be equally in favor of excluding it and the associated parietals 
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from the present species, whose very rudimentary supraorbital horn 
core is widely different. It seems quite probable that this peculiar 
parietal may pertain to M. sphenocerw. From the nature of the 
associated horn core it can not pertain to M. dawxoni. 

MONOCLONIUS SPHEN0CERXJ8 Cope. 

Monoeloniu* sphenocerus Cope, 1889, Am. Naturalist, vol. 23, p. 716, PI. XXXIII. 

This species is founded on a premaxillary, a nasal, and a nasal horn 
core from the Judith River beds. The nasal horn core of the present 
species is the largest and most powerful observed in the Ceratop- 
sida?. It is perfectly straight and was directed upward and slightly 
backward. The anterior border is sharp throughout its entire length; 
the posterior is broadly rounded. No other portions of the skull are 
associated with the type, so that it is impossible to determine from it 
the character of the frill or parietal crest. As stated above, a portion 
of a horn core found associated with the peculiar parietal referred by 
Lambe to M. dawsonl resembles the nasal horn of the present species, 
and it is not improbable that the parietal figured and described by 
Lambe pertains to the present species rather than to M. dawsoni. If 
so, this would seem to emphasize the distinctive characters of the pres- 
ent species, which might then even be considered as generically dis- 
tinct from the other known species. 

MONOCLONIUS FISSUS Cope. 

Monoeloniu* Jissu* Cope, 1889, Am. Naturalist, vol. 23, p. 717. 

This species is founded on an imperfect pterygoid described as a 
squamosal. The type is not sufficient to afford an adequate descrip- 
tion of the species, and the latter should be abandoned. 

The three remaining species referred by their authors to this genus 
are here regarded as pertaining to the next genus. 

CERATOPS Marsh. 

Grato/is Marsh, 1888, Am. Juur. Sci., 3<l ser., vol. 3<>, p. 177, PI. II. 

This genus was founded on an occipital condyle and a pair of supra- 
orbital horn cores from near the summit of the Judith River beds in 
Montana. The horn cores toward the top are nearly circular in cross 
section instead of being flattened on the external side as in Monoelo- 
niu* Cope. They are much longer than in the type of that genus and 
are somewhat curved, though not so much so in C. niontanus Marsh, 
the type species, as in some of the other forms here referred to this 
genus. Combining the characters shown by the types of the several 
species referred to the present genus, it may be defined as follows: 
Parietals reduced to a narrow median bar and slender postero- 
lateral processes, inclosing on either side large elongated parietal fon- 
tanelles. External branches of parietals overlapped by the elongated 
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and triangular squamosals. Supraorbital horn cores well developed, 
circular in cross section except near the base, and curving backward 
and outward. Nasal horn core strong and curved forward instead of 
backward as in Monochmvw. 

CERATOPS MONTANUS Mar>h. 

Ceratopx montanw Marsh, 1888, Am. Jour. Sci., 3d ser., vol. 36, p. 477, 1*1. II. 

This, the type species of the genus, was founded, as stated above, on 
an occipital condyle and a pair of supraorbital horn cores from the 
Judith River beds of Montana. The elongate supraorbital horn cores, 
circular in cross section, easily serve to distingush the present genus 
and species from Monochmiux cra#.sux, and subsequent discoveries have 
shown that this type of horn core was associated with other distinctive 
cranial characters of still greater importance. 

CERATOPS RECURVIC0RNI8 (Cope). 

Monoeloniu* nmrvirornis Cope, 1889, Am. Naturalist, vol. 23, p. 71fi, PI. XXXI V 
[XXIV]. 

The species is founded on nasal and supraorbital horn cores and other 
parts of the skull pertaining to the same individual from the Judith 
River beds of Montana. The forward curve of the nasal horn, the 
presence of a rudimentaiy horn on the surface of the frontals a little 
in advance of the orbit, and the well-developed supraorbital horn cores 
are characteristic of this species. Owing to the immature age of the 
individual to which the type pertained, the supraorbital horn cores 
have not assumed their adult form and appear somewhat intermediate 
between those forms which are characteristic of (Watopx and those 
found in Moiioclonius, though they are decidedly nearer that of the 
former genus. 

CERATOPS CANADENSIS (Lambe). 

Monoiioniw canadensis Laml>e, 1902, Cont. Canadian Paheont., vol. 3, pt. 2, p. 63, 
Pis. XVII, XVIII. 

This species is founded on a portion of a skull and a lower jaw. With 
the skull there is a nasal without the horn, erroneously considered by 
Lambe as a jugal part of the frontal region with the horn, a squamosal, 
and a portion of the slender external bar of the parietal. The supra- 
orbital horn core in the present species is well developed, circular in 
cross section, and curves backward, all of which characters readily 
distinguish it from the short triangular horn cores of Monochmiw. 
The long triangular squamosal is quite different from that which the 
squamosal suture of the parietal would indicate as having been present 
in the latter genus. The fortunate discovery made by Mr. Lambe in 
the Judith River beds of Canada, in which he found the type of the 
present species, fixes with reasonable certainty the character of parietal 
and squamosal that were associated with the type of supraorbital horn 
seen in Ceratops montanus. 
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CEBATOFS BELLI (Lambe). 

Monoclonim belli Lambe, 1902, Cont. Canadian Palteont., vol. 3, pt. 2, p. 66, PI. XX. 

This species is founded on a portion of a parietal from the Judith 
River beds of Canada. The portion of parietal found in place with 
the squamosal in the type of the preceding species is of such a char- 
acter as to render it more than probable that the present species is 
not specifically distinguishable from C. canadensis, as will appear 
from the following quotation taken from Lambe's description of the 
squamosal of Ceratojm canadensis. 

The lower surface near and parallel to the inner posterior end is broadly and 
shallowly grooved for the reception of a long, slender bone, triangular in section, 
that projects backward and inward, its outer edge continuing the curve of the 
squamosal. Probably this slender bone represents the anterior end of a forwardly 
bent, side extension of the parietal, such as occurs in the species Monoclonius belli. 

The type of the present species would seem, therefore, to be of more 
value as furnishing direct evidence as to the character of the parietals 
in the genus Ceratops than as representing a new species. 

CEBATOPS PAUCIDUS Marsh. 

Ceratops paiicidus Marsh, 1889, Am. Jour. Sci., 3d per., vol. 37, p. 336; 1890, Am. 
Jour. Sci., 3d scr., vol. 39, p. 83. 

Founded on a fragmentary maxillary and premaxillary from the 
Judith River beds of Montana. These remains may very well pertain 
to some one of the species of Ceratopsida? previously described. It 
can not certainly be determined whether they belong to Ceratops or 
to Monoclonim. Owing to the uncharacteristic nature of the type 
material, Marsh was unable to properly define the species, and it 
would be better to abandon it as a nomen nudum. 

Besides the above-mentioned genera and species of Ceratopsidse 
based on material from the Judith River beds there remain to be con- 
sidered a number of others erroneously referred by some authors to 
this family. 

8TEOOCERA8 V AUDITS Lambe. 

Stegoceras valulus Lambe, 1902, Cont. Canadian PaUeont., vol. 3, pt. 2, p. 68, PI. XXI. 

This species is based on two anomalous bones from the Judith River 
beds of Canada. Although both these elements were referred by 
Lambe to a single species which he placed in the Ccratopsidaj, it is 
evident upon examination that they pertain to two different species 
and belong to another family. Lambe says of these elements: " It is 
probable that these bones were situated in the median line of the head, 
in advance of the nasals." It seems more probable, after a careful 
study of them, that they represent the roof of the brain case and the 
frontal region of the skull of some unknown reptile. For the exact 
determination of their homologies and the nature of the reptile to 
which they belonged we must await the discovery of more complete 
material. 
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MONOSPONDYLUS GIGAS Cope. 

Monospondylus gigas Cope, 1892, Am. Naturalist, vol. 2ti, p. 757. 

This species is based on two detached vertebral centra from the 
Cretaceous of South Dakota, referred by Cope to the Ceratopsidse, 
but now known to pertain to the Theropoda. The present genus and 
species are referred to in this connection on account of their having 
been erroneously included by Osborn" in his list of genera and spe- 
cies from the Cretaceous of Montana. In showing these vertebrae to 
the writer Cope stated definitely that they were from the Laramie of 
South Dakota. 

CLAOBHYNCHUS TRIHEDBUS Cope. 

Claorhynchu* trihedru* Cope, 1892, Am. Naturalist, vol. 26, p. 757. 

This species is based on a rostral and predentary presumably from 
the Laramie of South Dakota, although it is included by Osborn in 
his list from Montana. It has been referred by Cope to the Ceratop- 
sida», but the parts described ditfer materially from the same elements 
in any known member of that family. From Cope's description they 
would appear to resemble more nearly the predentary and pre- 
maxillary of some member of the Traehodontidte. The types are not 
accessible and their nature and relations can at present only be judged 
by the description given by Cope. Unfortunately Cope omitted 
to state where they were found and nothing is positively known 
concerning either their geographic or their stratigruphic position. 

ORN ITHOPODA. 
TRACHI tDOXTIDyK 
TBACHODON Leidy. 

This genus is perhaps more abundant than any other dinosaurian 
genus of the Judith River beds. Altogether five or six species, more 
or less distinct, have been described, while an equal number of species 
have been referred to other genera, some of which may prove to belong 
to Trnchodon. Unfortunately the genus Tiachodon and its included 
species, as well as the allied genera and species from the Judith River 
beds, are all based on such fragmentary material as to render their 
identification uncertain. 

TBACHODON MIRABILIS Leidy. 

IVachodon niirabUis Uidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1850, p. 72. 

Leidy states that this species is " founded upon specimens of teeth, 
generally very much worn and in a fragmentary condition." Although 
the trachodonts are easily distinguishable by their teeth from the 

aCont. Canadian Palsront., vol. 3, pt. 2, 1902. p. 15. 
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other Dinosauria of these beds, it is scarcely possible to identify 
the various species of this genus or the genera of the family from 
the teeth alone, although Lambe" has ventured to do so. The type of 
the present species was from the Judith River beds of Montana. 

TRACHODON BREVICEP8 (Marsh.) 

Iladromurtu breviceps Marsh, 1889, Am. Joar. Sci., 3d ser., vol. 37, p. 335. 

This species is founded on a portion of right maxillary, with teeth 
in an admirable state of preservation. The label accompanying the 
specimen states that it is from the Bearpaw Mountains. There is no 
doubt, therefore, that it is from the Judith River beds. In form and 
general character the teeth resemble very closely those of Trac/wdwi 
selwyni Lambe from the Judith River beds of Canada, as will be seen 
by a comparison of the figures published by Marsh and Lambe. 

TRACHODON SELWYNI Lambe. 

Trachodmi selwyni Lambe, 1902, Cont. Canadian Pakeont., vol. 3, pt. 2, p. «9, 1*1. III. 

This species is founded "principally on the evidence of teeth," dis- 
tinguished u from those of T. mirahilis Leidy in being rounded oval 
above instead of terminating in a point." As stated above, in pattern 
and size the teeth of the present species as figured by Lambe agree 
very well with those of the type of T. breviceps, from the same beds 
in Montana as figured by Marsh, and it is quite possible that the 
present species is a synonym of T. breviceps. 

TRACHODON MARGINATTJS Lambe. 

Trachodon margincUvs Lambe, 1902, Cont. Canadian Pala?ont., vol. 3, pt. 2, p. 71, 
Pis. III-X. 

This species is based on numerous teeth and remains of the skeleton 
representing almost all the different elements, for the most part found 
dissociated in the Judith River beds of Canada. That this species 
is based on material pertaining not only to different individuals, but to 
different species, genera, families, and even orders, is clear from a 
reference to Lambe's figures and descriptions. The ischium figured 
on PI. X of his memoir as pertaining to the present species has 
nothing to do with the present genus, but is the ischium of some 
member of the Theropoda. 

Of the abundant material figured and described by Lambe as 
belonging to this species, none of it has been designated as the type, 
and the identification of the species might best be considered as resting 
upon dental diameters alone. On page 77 of his memoir Lambe dis- 
tinguishes this species by the teeth, which he says are "rounded 
above, with a marginal sculpture." 

«Cont. Canadian Palteont.. vol. 3, pt. 2, 1902, p. 77. 
Bull. 257—05 7 
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TRACHODON ALTIDEN8 Lambe. 

Trarluxlon itlthleu* Laml>e, 1902, Coal. Canadian Tala-ont., vol. 3, pt. 2, p. 7G, PI. IV. 

This species is founded on a left maxilla with the teeth from the 
.Judith River beds of Canada. Distinguished by the small, narrow, 
elongate teeth "beautifully marked for a short distance above the 
apex of the crown, on the raised edges of the outer enameled face by 
a few obliquely placed, transversely elongated embossments. " The 
present species appears to represent one of the smaller members of 
the genus. 

PTEROPELYX GRALLIPES Cope. 

Pti'rojit'l '<ix yrallipes Coi>e, 1889, Am. Naturalist, vol. 23, p. 904. 

This species is based on a considerable portion of a skeleton without 
skull or teeth, from the Judith River beds of Montana. Distinguished 
from the preceding genus and species by its more slender proportions, 
pubis coossitied with ischium, four digits in pes, and probably more 
elongate fore limbs. 

Lambe" has distinguished the various species of Trachodon and 
1 Hvropel y,r as f ol 1 o w s : 

Comparative table of teeth of xperiex of Tracltmhn and Hrropelyx. 



Trachodon mirabilis Leidy 

Trachodon (Pteropelyx) selwyni 
Uimbe. 

Trachodon (Pteropelyx) marginatus 
Lambe. 

1'teropelyx grallipes Cope 

Trachodon (Pteropelyx) allidcus 
Lambe. 



Teeth pointed above; margins smooth. 

Teeth rounded oval above; margins 
smooth or with the faintest indica- 
tions of oblique transverse stria?. 

Teeth rounded above; with a marginal 
sculpture. 

Teeth rounded ahove; with a border 
sculpture. 

Teeth of small si/.e, long in pro|>orlion 
to the breadth, and pointed ahove; 
with a border sculpture near the apex. 



In this table Lambe has omitted Tf<«Iu>doit hrevu<j>s Marsh, which, 
as I have already remarked, is probably identical with T. m-hnjni 
Lambe. While in the Trachodontidae, the teeth from various parts of 
the jaw of the same individual vary greatly in the form and markings, 
add great care should be taken in determining or proposing species 
from teeth alone, the teeth have certain characters, such as have been 
painted out by Lambe in the above table, by which they may, within 
certain limits at least, be distinguished specifically. Before accepting 
such dental characters as distinctive of the various species the cranial 
and skeletal features associated with each should be determined. If 
those species founded on dental characters alone are valid, such char- 
acters will doubtless prove to be supplemented by other characters. 

"font. Canadian rub-out., vol. :>, pt. 1, p. "»►, I'l. IV. 
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CIONODON (CINODON) Cope. 

Civnwhm (Cinwhu) Cojh', 1874, Bull. 17. S. (ieol. and (icog. Surv. Terr., vol. 1, 
no. 1, p. 10. 

This genus is founded on detached teeth from the Laramie of 
northeastern Colorado. It was afterwards reported from the Judith 
River beds. It may be regarded as a genus based on insufficient mate- 
rial, and so poorly defined as to be indeterminable. 

CIONODON 8TEN0P8I8 Cope. 

Cionodon ttenopxix Cope, 1875, I'ror. Acad. Nat. Sci. Philadelphia, 1875, p. 9. 

This species is based on a maxillary and teeth from the Judith 
River beds near Milk River in Canada. According to Cope it is 
distinguished by the absence of a longitudinal keel on the lower part 
of the crown. It is quite probable that the present species is neither 
generically nor specifically distinct from some of the species of Tracko- 
don mentioned above. 

DICL0NIU8 Cope. 

Dicloniu* Cope 1876, Proc. Acad. Nat. Sci. Philadelphia, 1878, p. 253. 

This genus and three species— A pentagon xx, D. jwanffuhttux, and 
I), ctilamarim—were proposed by Cope from shed teeth found scat- 
tered throughout the Judith River beds of Montana. The genus 
should be, and has very generally been, considered as a synonym of 
Trachodon. From Cope's descriptions of the teeth referred by him to 
the various species mentioned above, it seems probable that more than 
one species were represented. In the absence of any figures, and 
considering the nature of the characters ascribed by Cope to the vari- 
ous species, it is doubtful if any of them arc at present identifiable 
without access to the types, and since, the latter seem no longer to be 
certainly determinable in the Cope collection, it would not be amiss to 
drop also the specific names referred to this genus. 

AVES. 
CONIOBNIS ALT US Marsh. 

Coninrnh altus Marsh, 1893, Am. Jour. Sci., 3d h<t., vol. -15, p. 82. 

A single bird has been described from these beds. It was referred 
to the present genus and species. The type consisted of the distal 
portion of a tibia found near the base of the Judith River beds on 
Dog Creek, Montana. According to Marsh, its affinities are with 
Ifexpewnus, a genus of toothed birds from the Niobrara chalk of 
Kansas. 
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MAMMALIA. 

Thus far only two species of mammals have been described from 
the Judith River hods. These were referred to two genera, and both 
were described by Lnmbe from material collected by him in Canada. 

PTILODUS PBIMJEVUS Lambe. 

Hibuln* prinurvug I^mbo, 1902, Cont. Canadian Paheont, vol. 3, pt..2, p. 79, PI. XV. 

This species is Iwised on a fragment of a mandible with a tirst molar 
and fourth premolar in place. It is clearly related to, but somewhat 
more primitive than, MeniaetiPxsu* wnquUtU Cope° from the Laramie 
of South Dakota. 

B0REODON MATUTINUS Lamb«. 

Bnrmilun mntnthm* I^inibo, 1902, ('out. Canadian Pahcont, vol. 3, pi. 2, p. 79, PI. XV. 

This species is founded on a single premolar from the Judith River 
beds of Canada, resembling in some respects the teeth referred by 
Marsh to the genus $layodon b from the Laramie of Converse County, 
Wyo. The jaw shown here in fig. 1 was found in the Judith River 
beds on the north side of Milk River, about half a mile below Meili 
Coulee and directly north of the red butte mentioned on page 50. It 
was found in place in a lens of rather hard, cross-bedded sandstone. 
Associated with it were remains of True hod* »i and turtles. It is pro- 
visionally referred to the present genus and species, although, from 
the absence of any teeth with which to make direct comparison, it is 
impossible to establish their identity. 




Fh;. 1. — Posterior portion of ritflit nun us referred to linrtinhm matulinut Lambe. A, external view; 
li, internal; <\ jxtsterior; m, mav-eterie fossa; ////., inferior dental foramen. Natural size. 

The jaw is extremely heavy. While the coronoid process is imper- 
fect, it is sufficiently preserved to show that it was high and strong. 
The angle was inflected much as in modern marsupials. The masse- 
teric fossa was deep. The inferior dental foramen is placed well back 
and opens far down on the floor of the inflected angle, as shown in 
fig. 1. There is no mylohoid or Meckelian groove. Unfortunately 
no teeth are preserved, though there are a number of alveoli. The 
appearance of these alveoli suggests that there was a last, small, tuber- 
cular, single-rooted molar preceded by a double-rooted molar of mod- 

"Am. Naturalist, IW>, p. K30. tAm. Jour. Sci., ad ser., vol. 43, 18U2, j»l. X. figs. 4. ft. 
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erate dimensions, while the preceding or first molar, assuming that 
there were three and only three true molars, was the largest of the 
series, as is indicated by its posterior root, which is still in place in the 
alveolus. It is laterally compressed and has the surface marked by 
faint striaj similar to those seen on the root of the type of the species, 
though not shown in Lambe's figure. The jaw was broken through 
the anterior alveolus of this tooth, and that portion of the ramus 
anterior to this is wanting. 

SUMMARY. 

From the foregoing review of the known vertebrates from the 
Judith River beds it will be seen that, while the fauna is one of con- 
siderable diversity, most of the genera and species are at present 
known from such insufficient and fragmentary material that it has not 
been possible hitherto to properly define them. It thus happens that 
a considerable number of genera and species that have been proposed 
for remains from these beds are not now determinable, and owinjr to 
the scanty material upon which not a few of these were originally 
founded it is quite impossible to refer to these with any degree of cer- 
tainty, subsequently discovered and more perfect material, and thereby 
to further define and describe them. This is true to a greater or lesser 
extent of all the Vertebrata of these beds, but it is especially applicable 
to the fishes, amphibians, and by far the larger portion of the reptiles, 
while the birds and mammals of Judith River times are at present 
known from such exceedingly scanty material as of themselves to offer 
almost no evidence of the character of the avian and mammalian life 
of those times. Our knowledge of the vertebrate fauna of these beds, 
now that their geographic distribution is known not to be so limited 
as had been previously supposed, will doubtless be greatly increased 
by more persistent collecting, aided by modern methods. At present, 
however, while we are in many cases unable to adequately define many 
of the genera anil species, we know enough of the fauna as a whole to 
form a very good general idea of its character, and although we can 
not compare it closely with the related faunas of other horizons, yet 
enough is known of it to establish certain similarities and dissimilari- 
ties. These are especially pronounced in certain groups like the Cera- 
topsidai and the Traehodontidte, where there was already a high degree 
of specialization and where many of the different species are known 
from fairly satisfactory material. 

When considered in its entirety, the vertebrate fauna of these beds 
is remarkably similar to, though distinctly more primitive than, that of 
the Laramie. Almost or quite all of the Laramie types of vertebrates 
are present, though, as a rule, they are represented by smaller and more 
primitive forms. The similarity between this fauna and that of the 
Laramie contrasts strongly with the great dissimilarity between the 
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vertebrates of the Judith River and those of the Atlantosaurus beds, 
the next older fresh-water horizon in this region, containing' also a 
rich and varied vertebrate fauna, but quite distinct from that of "the 
beds in question. 

The Dinosauria were the predominant vertebrates in Judith River 
times, and they, of all the vertebrates of these beds, afford the best 
basis for a comparison of the fauna of these deposits with that of the 
Laramie above and the Jurassic below. The great group of Sauro- 
poda, which formed so conspicuous a feature of the animal life at 
the close of the Jurassic and the beginning of the Cretaceous, is 
entirely wanting. Among the Predentata the Stegosauria, which had 
formed so striking a feature among the Jurassic dinosaurs, have 
almost or quite disappeared and are replaced entirely by the quadru- 
pedal Ceratopsidm and the bipedal Trachodontida*. No unmistakable 
repesentative of the Stegosauria is certainly known from the Judith 
River beds. Pal nose! hcux, referred to this suborder chiefly on the evi- 
dence of teeth alone, may or may not pertain to the Stegosauria; while 
Stereocej>ha1ux appears to have been founded on material belonging 
in part to the Crocodilia and in part to the Dinosauria. No evidence 
has as yet been produced to show that the large pointed shields 
described and figured bj r Lambe as pertaining to this genus may not 
have belonged to some member of the Theropoda or to the Ceratop- 
sida>. That they really belonged to one or the other of these is most 
likely, since very similar plates have been met with in the Laramie 
also. No vertebras or shield plates like those known to have belonged 
to Stegomuriix are known from the Judith River beds. 

The Trachodontida^ had already attained to considerable diversity 
in Judith River times. Indeed, they appear to have been more abun- 
dant, as regards both numbers of individuals and genera and species, 
than they were in the I^aramie. Judging* from the rather meager 
material at hand for comparison the}' were, however, somewhat less 
specialized, as is evidenced by such diameters as the presence of four 
digits in the pes of I*terojjeh/.c and the complement of teeth, which in 
the later Laramie forms seems to have been considerably greater than 
in the Judith River. 

It is in the Ceratopsidai more than in any other group that we are 
at present able to contrast the Judith River and Laramie forms. The 
chief differences are noticeable in the skull, and more especially in the 
structure of the parietal crest and the comparative size of the supra- 
orbital and frontal horn cores. In the Laramie tne supraorbital horn 
cores are always much larger than the nasal and the latter are fre- 
quently rudimentary, while in the Judith River beds conditions just 
the reverse prevail. In the Laramie the huge parietal fontanelles so 
common in the forms from the Judith River beds are known only in 
the single rare genus Toromurus. There is some evidence also that 
the teeth in some of the Judith River forms are only in the process of 



Digitized by Google 



HATCH KR.] 



VERTEBRATE FAUNA. 



103 



assuming that method of replacement which is common in later repre- 
sentatives of the group, and by means of which the single root of the 
embryo tooth early becomes bifurcated. The primitive nature of the 
Judith River Ceratopsida>, as compared with the Laramie, is especially 
seen in the smaller .size of the individuals, (he lean perfectly developed 
armature of the skull, and the imperfectly drrelopea I parietal crest. 

So little is at present actually known of the Theropoda of either the 
Laramie or the Judith River beds that it is quite impossible to make 
anything like an adequate comparison between them. The group, 
however, is represented in both formations by quite similar forms, 
though differing perhaps both gencrically and specifically. The 
Theropoda in the Judith River beds show much greater diversity than 
do those of the Jurassic, and judging from the remains available they 
represent quite different types. 

Although much is desired in the way of better material before we 
shall be able to determine, even approximately, the character of the 
vertebrate fauna of the Judith River beds, enough is already known 
to suggest its diversity and to show that the fauna is similar to that 
of the Laramie and different from that of the Jurassic. The long 
period of time which had elapsed between the close of the deposition 
of the Atlantosaurus beds and the beginning of the Judith River was 
sufficient to accomplish a complete revolution in the vertebrate fauna 
of that region, though most of the later forms are clearly descended 
from the earlier. Scarcely a single vertebrate of strictly J urassic type 
is found in this fauna, for, as mentioned above, Stereoa phalvs Lambe, 
referred by that author and by Osborn to the Stegosauria, appears to 
have been founded on a composite type containing remains pertaining 
l>otH to the Crocodilia and to the Dinosauria. The Dinosauria are not 
distinguishable from remains from the Laramie at present referred to 
the Ceratopsia, and the Crocodilia represent a group of crocodiles at 
present only known from the Judith River beds. 

Briefly, the Judith River fauna, it is clear, is descended from the Juras- 
sic and is the direct ancestor of the Laramie. Its relations with the 
former are not close, and several groups are absent in the one which 
are present in the other. Its relations with the Laramie are much 
closer, as should be expected, considering the stratigraphic position. 
With one or two possible exceptions all the families represented in 
either of these two later deposits are present also in the other. 
Although several genera and species now appear to be common to 
both these formations, it is probable that when more perfect material 
is available they will be found, in most instances, to be quite distinct, 
though some pertaining to more persistent types may prove to be 
identical. In every case where any group of the fauna has been 
studied from sufficient material it has been found to be represented 
by distinctly older and more primitive types than the related forms 
from the Laramie. 
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By T. W. Stanton. 

The invertebrate fossils of the Judith River beds have nearly all 
been adequateh 7 described and i Unstinted by Meek, a White,* and 
Whiteaves*" in previous publications. For the present purpose, there- 
fore, it will be sufficient to describe and illustrate a few new species 
and to give an annotated list of the otbers, with references to good 
figures. The systematic list will be followed by a brief discussion of 
the character and relationships of the fauna and of the evidence it 
affords as to the conditions under which the formation was deposited. 

PELECYPODA. 

08TEEA 8UBTRIOONAII8 Evans and Shunard. 

Odrea subtrigonalu Meek, 1876, Rept. U. 8. Geol. Surv. Terr., vol. 9, p. 510, PI. XL, 
figs. la-Id. 

The species was originally described from the vicinity of Owl Butte, 
between Grand and Moreau rivers, South Dakota, from beds that are 
now supposed to belong to the Laramie. From the fact that the types 
have never been figured and that no one has since studied them or 
other material from the type area, it may be questionable whether the 
Judith River form which Meek described under the same name is 
really identical. Whatever the final decision on that point may be, 
the form figured by Meek is the most abundant and widely distributed 
of the Judith River invertebrates. In the exposures near the Missouri 
on Dog Creek, Birch Creek, and Cow Creek there is a bed from 1 to 2 
feet hi thickness, at or very near the top of the formation, almost 
entirely composed of the shells of this species, with local accumulations 
of (hrhicuhi cythei*iforin!x, and less abundant specimens of Corhnla 
mhtrigonalh^ Anomia yrypforrhyvdm*, and GwwboHi* co/trcm. The 

n Invertebrate Cretaceous and Tertiary fossils of the upper Missouri country: Kept. U. S.Oeol. Surv. 
Terr., vol. 9, 1876, pp. 509-WA pis. 42-411. 

b Review of the nonmarine fossil Mollusca of North America: Third Ann. Kept. U. S. Geol. Survey, 
1883, pp. 411-550. 

<• Report on the Invertebrata of the Laramie and Cretaceous rocks of the vicinity of the Bow and 
Belly rivers and adjacent localities in the Northwest Territory: Cont. Canadian i'alwont.. vol. 1, 
pt. I, 1885. The Belly River [Judith River] species are described on pp. 56-77. 
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same brackish- water fauna has a similar development at this upper 
horizon on Milk River in the neighborhood of Havre, especially near 
the mouth of Beaver Creek, 2 to 3 miles west of Havre, and at the 
head of Supenaw Coulee, on the north side of the river, 5 or 6 miles 
farther west. (Mrea mMriganaJis is reported by Whiteaves from 
about the same horizon at the mouth of St. Mary River and in Milk 
River Ridge, Canada, where the bed is referred to the u l>ase of the 
shales of the Fort Pierre group." 

(Mrea subtrigonalU also occurs in the upper part of the Claggett 
formation, on the north side of Milk River 4 miles west of Havre, 
Mont, and near Pendant d'Oreille, Canada, at both places associated 
with 0. glabra, with which it seems to be connected by intermediate 
forms. It is reported from the lower Laramie and from the " Belly 
River" beds at several localities in Alberta and Assiniboia. 

0 ST RE A GLABRA Meek and Hayden. 

Ostrea glabra Meek, 1870, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 509, PI. XL, figs. 
2a-2d. 

Ostrea glabra White, 1883, Third Ann. Rept. U. S. Geol. Survey, p. 421, Pis. IX-XI. 

The types of the species came from near the mouth of Judith River, 
but whether they occurred there in the Judith River beds or in the 
Claggett formation is not certainly known. In the present collection 
it was obtained from the upper part of the Claggett formation on Milk 
River 4 miles west of Havre, Mont., and in the neighborhood of Pen- 
dant d'Oreille, Assiniboia, and at the latter locality in the basal beds 
of the Judith River. Whiteaves reports it from several localities in the 
Canadian "Belly River"" beds. It is also a very common species of 
the Laramie at many localities in the United States as well as in 
Canada, and apparent!}' the same species occurs at several horizons in 
the Montana group. 

ANOMIA ORYPHORHYNCHUS Meek. 

Anomia gryphorhynchw White, 1883, Third Ann. Rept. U. 8. Geol. Survey, p. 422, 
IM. XII, figs. 12-15. 

The original locality is Point of Rocks, Wyoming, where the species 
occurs in a horizon now known to be in the Montana group, and prob- 
ably not far from the horizon of the Judith River beds. It has also 
been recognized at Black Buttes, Wyoming; Crow Creek, Colorado, 
and various other localities in the Laramie. The species is not uncom- 
mon associated with (Mrea Hubtrigonalin near the top of the Judith 
River beds on Cow Creek, and near Havre, Mont., and at the base of 
the same formation or in the upper layers of the Claggett near Pend- 
ant d'Oreille, Assiniboia. Jt shows considerable variation in size and 
in the convexity of the upper valve. 
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ANOMIA MICRONEMA Meek. 

Anomia mirronnna White, I8H3, Third Ann. Kept. U. 8. Ueol. Survey, p. 422, PI. XII, 
%h.6-11. 

Anomia mimmemu WhiteaveH, 1885, font. Canadian Palwont., vol. 1, p. 64. 

This common Laramie .species lias been reported by Whiteaves from 
the Belly River beds of South Saskatchewan, half a mile below the 
forks of Bow and Belly rivers. 

AYICTTLA NEBBABCANA Evani and Shumard. 

llerin (Oxijtomu) nebraxctma Meek, 187(>, Kept. U. 8. Hex A. Surv. Terr., vol. 9, p. 34, 

PI. XVI, ligH. 5a, 5b, and PI. XXVIII, fig. 11. 
I'Ut'hi (O.njtomit) nebraxcana Whiteaves, 1885, Cont. Canadian Paheont., vol. 1, p. 50. 

Whiteaves reports this species from the "Belly River" beds in Milk 
River Ridge, Alberta. It is a common form in both the Claggett and 
the Bearpaw formations, and may therefore be expected in the Judith 
River beds wherever a marine stratum occurs. 

MYTILUB 8UBAECUATU8 Meek and Hayden. 

Mi/tilus mbaraiatu* Meek, I87n, Kept. U. »S. Geol. Surv. Terr., vol. 9, p. 69, PI 

XXXVIII, figs. 2a, 2b. 
Afylilu* mbamuilii* Whiteaves, 1885, Cont. Canadian Paheont., vol. 1, p. 50. 

The type is from Dog Creek, Montana, probably in the Claggett for- 
mation. Whiteaves reports it from the 44 Belly River r beds on South 
Saskatchewan River 8 miles below Red Deer River, and our collections 
contain a single specimen doubtfully referred to the species from the 
top of the Judith River beds in Meili Coulee, i miles west of Havre, 
Mont. 

MODIOLA tp. 

Fragments of a species with rather coarse radiating sculpture were 
collected from the lower part of the formation on Milk River, near 
Pendant d'Oreillc, Assiniboia, and from the upper brackish-water bed 
on Cow Creek, Montana, 13 miles above its mouth. 

CRENELLA PARVULA Whiteavefl. 

(Wnella jxirtnda Whiteaves, 1885, Cont. Canadian Paheont., vol. l,p. 57, PI. IX, fig. 1. 

This species is known only from strata referred to the 44 Belly 
River" beds in Milk River Ridge, Alberta. 

NTJCTJLA sp. 

Imperfect specimens of an undetermined species of Nucula were 
seen in a bed of friable sandstone containing other marine fossils on 
Cow Creek, Montana, about 7 miles above its mouth. The horizon is 
about 150 feet below the top of the Judith River beds. 

LEDA sp. 

An imperfect specimen of a large species, probably undescribed, was 
collected on Cow Creek at the locality and horizon last mentioned. 
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AN0D0NTA PROPATORIS White. 

Anadontn propatorut White, 1883, Third Ann. Rept. U. S. Geol. Survey, p. 429, PI. 

XIX, figs. 6-9. 

The types are from Judith RiveY beds on Dog Creek and Birch 
Creek, Montana. This species is represented in our collections from 
the neighborhood of the original localities and also from Cow Creek, 
Willow Creek, and near Havre, Mont., and somewhat doubtfully from 
Sage Creek, Assiniboia. Whiteaves reports the species, with some 
doubt as to identification, from manv Canadian localities. It seems to 
be confined to the Judith River beds, and ranges throughout the whole 
formation except the brackish- water and marine layers. It is usually 
preserved in the form of casts and no perfect specimens are known. 

AHODONTA PARALLELA White! 

Anwlonia parallels White, 1883, Third Ann. Rept. U. S. Geol Survey, p. 429, PI. XIX, 

fig. 5. 

Whiteaves has reported one doubtful specimen of this Laramie spe- 
cies from the " Belly River" beds on the South Saskatchewan 1 mile 
below the mouth of Bow River. 

UNIO 8UB8PATTJXATTJ8 Meek and Hayden. 

PI. XIII, fig. 1. 

Unio «ub*patul(rtu* Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 518, PI. XLI, 

figs, la, 1/*. 

The type from near the mouth of Judith River has the outer sur- 
face exfoliated so that the beak sculpture is not retained and the beaks 
are made to appear somewhat nearer the anterior end than they actually 
are. On Milk River 2 miles below Pendant d'Oreille, Assinil>oia, Mr. 
Hatcher collected many well-preserved specimens of a Unto that seems 
to be referable to this species from a stratum containing Corbula, Cor- 
bieula, and Modio/a, near the base of the Judith River beds. Some 
imperfect specimens were collected at the mouth of Meili Coulee, on 
the north side of Milk River 4 miles west of Havre, Mont. 

It is a rather slender, compressed shell, with nearly terminal, incon- 
spicuous beaks and narrowed posterior end. The umbonal region is 
marked by a few distinct, undulating, concentric ridges, and the pos- 
terior umbonal slope bears two sharply elevated radiating lines that 
fade out about an inch from the beak. The shell is rather thin, and 
the teeth are correspondingly light. 

Similar beak sculpture is found in several Cretaceous species of 
Unto, such as U.vetustus, U. prwcu*, etc., but the general form and 
proportions of the shell arc different. It is a much lighter, less con- 
vex shell, with more nearly terminal beaks than Unio dame and U. 
deioeyanu*) with which it has sometimes been supposed to be identical. 
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VTKIO PBI8CU8 Meek and Haydenl 

PI. XII, fig 1. 

Unio princw Meek, 1876, Kept U. S. Geol. Surv. Terr., vol. 9, p. 516, PI. XUII, 
figs. HaSd. 

The type of this species is from the Yellowstone, 40 miles above its 
mouth, and presumably from beds of Laramie age. Meek also figured 
small specimens from Judith River, but it is somewhat doubtful 
whether they are really identical with the Yellowstone form which is 
represented in the National Museum collection by the single crushed 
specimen. All the specimens have an elongate form and beaks with 
strong concentric wrinkles, but those from Judith River and from the 
same formation on Milk River at Pendant d'Oreille, Assiniboia, and 
at a locality 5 miles south of Wild Horse Lake, on the Canadian bound- 
ary, have the posterior end somewhat broader and other slight dif- 
ferences in outline that may have specific or varietal importance. The 
specimen figured is from the locality last named. 

TOCO PBI8CU8 var. ABBREVIATES n. var. 

PI. XII, figs. 2-4. 

This variety has the general aspect and sculpture of U. prisons, with 
the strong concentric wrinkles on the beaks and two elevated radiating 
lines on the posterior umbonal slope, but it differs in having the poste- 
rior end relatively much shorter and somewhat broader, and it is 
apparently somewhat more convex. The shell is rather thin and the 
hinge teeth are light. The specimens figured are from Milk River, 
about 5 miles south of Wild Horse Lake. 

UNIO DAN.fi Meek and Hayden. 

Unio daruv Mwk, 1876, Kept. U. S. Geol. Surv. Terr., vol. 9, p. 517, PI. XLI, figs. 
3a-3c. 

Unio deweyunm Meek, 1876, Rept. II. S. Geol. Surv. Terr., vol 9, p. 519, PI. XLI, 
fign. 2a-2<\ 

The specimens described under the two names cited above all came 
from near Judith, Mont., and the differences on which the two species 
are based are due to the state of preservation rather than actual spe- 
cific characteristics. None of the types shows all of the specific feat- 
ures fully, but those of U. dnim give a better idea of the outline and 
general proportions, while those of U. drweyantis show part of the 
surface and details of the hinge, though giving an erroneous impression 
concerning the form. Our collections contain many specimens evi- 
dently belonging to one species, some of which agree with one of 
these tj'pes and some with the other. The species attains a much 
larger size than the types, and apparently Meek was right in describ- 
ing the beaks as unsculptured, in this respect differing from the form 
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which I have identified with Unio subspatulatw. We collected it on 
Sage Creek, Assiniboia; on Milk River, near Havre; on Cow Creek, 
Dog Creek, and at other localities in the original Judith River area. 
Apparently the same species, or if not, a closely related one that can 
not be separated with the imperfect material at hand, occurs in the 
Laramie at Black Buttes and on Lance Creek, Wyoming, near the 
mouth of the Yellowstone, and elsewhere in Montana. It has also been 
reported from the Laramie of Alberta. 

UNIO STTPENAWENBI8 n. tp. 

PI. XIII, figs. 2 and 3. 

Shell of medium size, obliquely subovate in outline, with relatively 
thick test and broad hinge plate; beaks very prominent, slightly 
incurved, very near the anterior end of the shell, and sculptured with 
distinct concentric wrinkles; the rest of the surface showing only 
ordinary lines of growth and very faint radiating striae, which probably 
are not visible except when the actual surface is slightly exfoliated; 
dorsal and basal margins forming very gentle regular curves; anterior 
margin slightly excavated above in front of the beak and broadly 
rounded below; posterior end somewhat narrowly rounded; shell very 
gently convex in the umbonal and median portions, but abruptly 
descending toward the front and dorsal margins; cardinal teeth large, 
very irregular in form, and strongly corrugated; posterior lateral well 
developed, elongate. 

Length of type, about 65 mm; height, about 55 mm; convexity of 
single valve, 22 mm. 

The only Cretaceous species at all resembling this arc Unio prophet- 
icus White and U. proavitm White, both of which were described 
from the Laramie at Black Buttes, Wyoming, and may well be con- 
sidered as descendants of U. supenaweiwis. The resemblance is closer 
with U. proplieticus, which is slightly smaller, with beaks nearer the 
anterior end, a more distinctly flattened band extending from the beak 
to the middle of the basal margin, more broadly rounded posterior 
end, and straighter basal margin. 

Locality.— The types were found near the top of the Judith River 
beds at the head of Supenaw Coulee, about 10 miles northwest of 
Havre, Mont., where the species is common. Another specimen was 
obtained from near the same horizon on the north side of Milk River 
opposite Havre. 

UNIO CRYPTORHYNCHUS White. 

Unio cryptorhynchus White, 1883, Third Ann. Rept. U. S. Geol. Survey, p. 431, PI. 
XIV, figs. 6, 7. 

The types are from Dog Creek, Montana, and the species has been 
doubtfully identified in the Laramie at Black Buttes, Wyoming. 
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UNIO 8ENECTU8 White. 

Vnio *enertu* White, 1883, Third Ann. Rept. U. S. Geol. Survey, p. 432, PI. XIX, 
figs. 1, 2. 

From Dog Creek, Montana, and also reported by Whiteaves from 
the South Saskatchewan near the mouth of Bow River. 

UNIO FRIMAEVU8 White. 

Unto jtrimaevua White, 1883, Third Ann. Rept. U. 8. Geol. Survey, p. 432, PI. XIV, 
figs. 4, 5. 

From Judith River beds near Cow Island, Montana. Also reported 
by Whiteaves from branch of east fork of Milk River, near the 
Canadian boundary. It occurs in our collections from Cow Creek 
and from Milk River 5 miles south of Wild Horse Lake. 

Some of the specimens apparently belonging to this species are very 
much larger and more elongate than the type. It is probable that 
the two specimens figured by White represent two species, and if so, 
the smaller one, whose outer surface is figured, should be considered 
the type. The exterior of the other specimen is in a very poor state 
of preservation, so that its specific characters are not clearly deter- 
minable. It may possibly be the same as U. priwm var. abbreviatm, 
described above. 

UNIO CONSUETUS Whiteaves. 

Unio roumutux Whiteaves, 1885, Cont. Canadian Palseont., vol. 1, p. 59, PI. IX, 
figs. 4, 4a. 

Described from the " Belly River" beds of Alberta. Somewhat 
doubtfully identified in our collections from the Judith River beds at 
Willow Creek, Montana. 

UNIO SUPRAGIBBOSUS Whiteaves. 

Unio mpraijibboms Whiteaves, 1885, Cont. Canadian Paleeont., vol. 1, p. 66, PI. X, 
fig. 1. 

Types from South Saskatchewan near mouth of Bow River. Rep- 
resented in our collection from lower part of Judith River beds on 
Milk River 2 miles below Pendant' d'Oreille, Assiniboia, associated 
with U. fsubHjMitulat'UH. 

UNIO sp. 

There are several other species of Unio represented in our collec- 
tions by material too imperfect for satisfactory specific description. 
It is therefore thought better to await more complete collections. 
Several of the species already described, from the formation, are so 
imperfectly known that it is almost impossible to identify them, even 
by direct comparison with the types. 
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8PHJERIUM PLANUM Meek and Hayden. 

Sphxrium planum, Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 526, PI. XLIII, 
figs. 6a, 6/>. 

This is one of the most common of the Judith River fresh- water 
species, occurring at many localities in the original area on Dog Creek, 
Birch Creek, and Cow Creek, and on Milk River from Havre to the 
Canadian boundary. The types came from near Grand Island, on the 
Missouri, below the mouth of Cow Creek, but they were at first errone- 
ously reported to have come from near Grand River, Nebraska. The 
species attains a size considerably larger than the figured type. A 
similar but not identical form occurs in the Laramie of Converse 
County, Wyo. 

SPR2ERIT7M RECTICAEBINALE Meek and Hayden. 

ffpharitun recti cardinale Meek, 1S76, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 527, PI. 
XLIII, figs. 3b. 

The types are from the same locality as the preceding, and the 
species, though not so abundant, also occurs sparingly at nearly all 
the localities where S. planum, is found. Large specimens are nearly 
half an inch in length. 

SPBLERIUM FORMOSUM Meek and Hayden! 

Sph.rritun formomm? Whiteaves, 1885, Cont. Canadian Pakcont., vol. i, pp. 61 and 68, 
PI. IX, fig. 3. 

This form, from the Judith River beds of Alberta, is doubtfully 
referred to S. fonmmuin, which was originally described from Laramie 
or Fort Union beds near the mouth of the Yellowstone. The Cana- 
dian shell may possibly be the young of one of the preceding species. 

CORBICULA OCCIDENTALS Meek and Hayden. 

Corhimla orritlentali* Meek, 1876, Rept. II. S. Geol. Surv. Terr., vol. 9, p. 521, PI. 
XI j, figs. 6«-6V. 

This form originally described from the badlands of the Judith, is 
less abundant there than C. eifthttriforuti*, with which it is associated, 
but on Milk River near Pendant d'Oreille, Assiniboia, it is very com- 
mon near the base of the Judith River beds, where it is associated 
with specimens that arc intermediate in character between these two 
nominal species. It was collected on Cow Creek and near the mouth 
of Birch Creek, Montana, and forms that are apparently not specif- 
ically separable occur in the Laramie of Wyoming and northwestern 
Colorado, as well as the "Western Laramie" of Canada. 

CORBICULA C YTHERIFORMI 8 Meek and Hayden. 

Corhicula cytheriformi* Meek, 1876, Rept. I*. S. Geol. Surv. Terr., vol. 9, p. 520, 
PI. XL, fig*. 5a-5<\ 

The remarks on the range and distribution of ( 1 . (iccuLnUtlU apply 
to this form also. It is locally very abundant in the brackish-water 
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bed at the top of the Judith River on Cow Creek and near the mouth 
of Birch Creek, and it also occurs on Milk River 3 miles west of 
Havre. Forms that have been referred to the same species occur in 
the Montana group at Point of Rocks, Wyoming, and in the Laramie 
at Black Buttes, Wyoming, and at various points in Wyoming and 
Colorado, as well as in Alberta. The type of Corhicula represented 
by this and the preceding species may be said to range throughout the 
Upper Cretaceous, as similar forms are found in the Colorado group 
in Utah and in the Bear River formation in Wyoming. 

TELLINA tp. 

A single specimen of a medium sized Tdlhui was obtained from the 
marine stratum 150 feet below the top of the Judith River beds on 
Cow Creek, Montana, 7 miles above its mouth. 

PAHOPJEA 8IMTJLATRIX Whiteaves. 

Punojxrn grmuhtrix Whiteaves, 1885, Cont. Canadian Paheont., vol. 1, p. 11, PI. II 
fig. 2, 2a. 

The types are reported from several localities in the "Western 
Laramie" area of Canada, but it is possible that some of those locali- 
ties, if not all, are in the Judith River beds. We collected the species 
on Milk River 3 miles west of Havre, and on Cow Creek 13 miles 
above its mouth. In both cases it was associated with the brackish- 
water forms at the top of the formation. 

LIOPIBTHA (CYMELLA) TTHDATA Meek and Hayden. 

Liopistha (Ojmella) umtata Meek, 1876, Kept. U. S. Geol. Surv. Terr., vol. 9, p. 236, 
PI. XXXIX, figs, la, 16. 

Originally described from beds now known to belong to the Claggett 
formation near the mouth of the Judith, the species is also of common 
occurrence in the Bearpaw shales, and it was found in the marine 
stratum 150 feet below the top of the Judith River beds on Cow Creek 
7 miles above its mouth. 

MACTRA WARREN AHA Meek and Haydenl 

Maetra (Cymttophora) warrmana Meek, 1876, Kept. TJ. S. Geol. Surv. Terr., vol. 9, 
p. 208, PI. XXX, figs. 7a-7d. 

A single specimen from the locality and horizon last mentioned is 
doubtfully referred to this Fox Hill species. 

MACTRA (CYMBOPHORA) ALTA Meek and Hayden. 

Mactra {Ct/mbophora) altn Meek, 1876, Kept. V. S. Geol. 8urv. Terr., vol. 9, p. 210, 
PI. XXXVII, figs. 2a, 2b; Whiteaves, 1885, Cont. Canadian Paheont., vol. 1, p. 62. 

Whiteaves reports this species from the Judith River beds in the 
Milk River Ridge, Alberta. The occurrence may be in a local marine 
facies of the formation like that mentioned on Cow Creek, or it may 
be in the top of the Eagle formation, where it normally occurs. 
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CORBTTLA SUBTRIGONALIS Meek and Hayden. 

Corbula mbtrigonalis Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 529, PI. 
XL, figs. 3a, 36. 

This species was first described from the brackish-water bed at the 
top of the Judith River formation in the typical area. It has since 
been recognized at many localities in the Western States and Canada, 
from the Benton formation to the Laramie. In our collections it was 
found most abundantly in the lower part of the Judith River near 
Pendant d'Oreille, Assiniboia, but it occurs sparingly wherever the 
brackish -water strata arc found. 

At the locality on Cow Creek, 13 miles above its mouth, a greatly 
elongated variety occurs with the typical form. 

CORBULA PERUNDATA Meek and Hayden. 

Corbula perundata Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 528, PI. XL, 
figs. 4a-4d. 

Originally described from the same locality as the preceding, it also 
occurs with it at many localities on Milk River from Havre, Mont., to 
Pendant d'Oreille, Assiniboia, and elsewhere in that territory and 
Alberta. 

GASTEROPODA. 
NERITIKA ip. 

Velatella baptixla (White) Whiteaves, 1885, Cont. Canadian Paheont., vol. 1, p. 73. 
Not Xtrilina ( Velatella) baptida White, 1880, Twelfth Ann. Rept. U. S. Geol. and 
Geog. Surv. Terr., p. 89, PI. XXIX, figs. 6«, 66. 

* 

Specimens from Milk River near Pendant d'Oreille, in the neighbor- 
hood of some of Whiteaves's localities, on direct comparison with tho 
types of Neritina baptista from the Laramie at Black Buttes, Wyo- 
ming, prove to be different in both form and color pattern, but the 
material in hand is not sufficient for specific description. 

LTTKATIA sp. 

A small specimen of an undetermined species was collected with the 
other marine fossils 150 feet below the top of the Judith River forma- 
tion on Cow Creek 7 miles above its mouth. 

VIVIPARUS CONRADI Meek and Hayden. 

Viriparus conradi Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 597, PI. XLII, 
figs. 15a-15rf. 

* 

This species was originally described from near the mouth of Judith 
River. We found it locally abundant near the top of the Judith 
River formation on Cow Creek, and Whiteaves reports it from a num- 
ber of localities in Canada. It has been erroneously reported to occur 
in the Bear River formation. 
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VIVIPARUS sp. 

Imperfect specimens representing at least two or three species were 
found at a number of localities on the Missouri and on Milk River, but 
they were too much distorted and crushed for specific description. 
These forms seem to be closely allied to Laramie species, but appar- 
ently not identical with them. 

CAMFELOMA VISTULA Meek and Hayden. 

CampeUnmt nluln Meek, 1S7fi, Kept. IT. S. (ieol. Surv. Terr., vol.9, p. 587, PI. XLIV, 
figs. 14«, 14/,. 

Described from the Judith River area. We found it most abundant 
and beautifully preserved in the upper part of the Judith River for- 
mation near the head of Supenaw Coulee, about 10 miles northwest of 
Havre. The specimens obtained here are clearly referable to C. vetula, 
though they are also very much like the typical form of C. inultili- 
neata from the Laramie. The slight differences pointed out by Meek 
hold good, except that some of our specimens are slightly unbilicated, 
and these differences are probably of specific importance in spite of 
the fact that specimens not in a good state of preservation may be 
difficult to classify. The common Laramie form of V. multilineata 
with shouldered whorls is very distinct. The Laramie specimens 
from Rlack Buttes, Wyoming, and elsewhere, that have been referred 
to C. vetula, so far as 1 have been able to reexamine them, are too 
imperfect for positive identification, and may well belong to C. 
my It 4 'tin rata. 

At least a part of the specimens from the Canadian Judith River 
beds referred to C. m at. t it i neat a by Whiteavcs probably belong to C. 

vetula. 

CAMFELOMA MULTILINEATA Meek and Hayden. 

CampclomamuUilinmUi\\ T \\\\c&\v&, 1885, Cont. Canadian Paheont., vol. 1, p. 77. 

See remarks under C. vetula, above. No specimens referable to this 
species have been found in the Judith Riverbeds of Montana, but it is 
one of the most common Laramie species, ranging probably as high as 
the Fort Union. 

CAMFELOMA FRODUCTA White. 

Campcloma prodncht White, ISSIi, Third Ann. Kept. V. 8. ii&A. Surv., p. 4(H), PI. 
XXVI, fiVs. 21-27; Whiteavcs, 1885, Cont. Canadian Paheont., vol. 4, pp. 24, 28, 77. 

This is also a Laramie species that has not been found in the rludith 
River beds of the United States, but has been reported by Whiteaves 
from both the Laramie and the Judith River of Canada. 
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VALVATA* MONTANAENSIS Meek. 

I 

Valvata? viontanaensi* Meek, 1876, Kept. U. 8. Geol. Snrv. Terr., vol. 9, p. 591, text 
figs. 81-83. 

Described from mouth of Judith River. Represented in our col- 
lections from two localities on Cow Creek. 

HYDBOBIA BUBCOKICA Meek. 

Hyrfrobia subconiea Meek, 1876, Rept. U. S. Geol. Sarv. Terr., vol. 9, p. 573, text 
tig. 77. 

Mouth of Judith River. 

HYDBOBIA BUBCYLINDRACEA Whiteaves. 

Hydrobia mbcylmdraaa Whiteaves, 1885, Cont. Canadian Paheont., vol. 1, p. 75, PI. 
X, fig. 8.' 

Type from Belly River east of Driftwood Bend. Whiteaves also 
reports the species from Milk River near Pakowki Coulee, and we 
collected it at Pendant d'Oreille, near the latter locality, where it was 
associated with Corbula suMrh/onat ls y C. perundata* and Bhytophorus 
glaber, near the base of the Judith River beds. 

MELANIA1 WBHTEAVESI n. «p. 

PI. XIII, fig. 5. 

Melania hwutplu (Meek) Whiteaven, 1885, Cont. Canadian Pahcont., vol. 1, p. 73, PI. 
X, fig. 6. 

Not Melania hisruJ^u Meek, 1873, Sixth Ann. Rept, U. S. Geol. Snrv. Terr., p. 515. 

Shell of moderate size and rather robust form; whorls moderately 
convex, with the suture between them deeply impressed; surface 
marked by rather narrow, elevated, revolving stria 4 , of which about six 
are visible on the spire, and by broader, more distant, curved ribs, 
which are more or less nodose at the intersections with the revolving 
lines. There are fifteen ribs on the last whorl of the specimen figured, 
which is considerably more strongly sculptured than the average. 

Height, with apex restored, about 40 mm.; breadth, 13 mm. 

The specimens studied show much variation in the strength of the 
sculpture, with every gradation from the nearly smooth forms like that 
figured by Whiteaves to the one illustrated here. The species differs 
from M. insculpta in the form of the whorls and in all the details 
of sculpture, both the ribs and the spiral lines being more distant and 
less regular. 

Some of the more strongly sculptured specimens of Goniobasis conveiea 
M. & H. approach this form rather closely, and it is probable that they 
are related. Both are always found associated with brackish-water or 
marine species. The figured specimen of M. whiteavexi was obtained 
from near the base of the Judith River beds on Milk River 0 miles 
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below Pendant d'Oreille, Assiniboia, and it was collected at several other 
localities near there, atone point ranging down into the top of thcClag- 
gett formation. Whiteaves reports it (under the name M. imeulpta) 
from the same neightioihood, but his figured specimen is from the 
South Saskatchewan 6 miles below the mouth of Bow River. 

GONIOBASIS CONVEXA Meek and Hayden. 

Goniobasi* convexa Meek, 1870, Rept. IT. S. Geol. Snrv. Terr., vol. 9, p. 562, text figs. 
71, 72, and PI. XLII, figs. 2a, 2b. 

Described from mouth of Judith River. Represented in our col- 
lections from Milk River near Havre, associated with (Mrea, Anomia, 
and other brackish- water forms at the top of the Judith River beds. 

G0NIOBABI8 CONVEXA var. IMPRESS A Meek and Hayden. 

Goniobasis convexa var. impremi Meek, 1876, Rept. II. S. Geol. Surv. Terr., vol. 9, p. 
563, PI. XLII, fig*. 2r, 2il 

Occurs with the preceding at the type locality and in the brackish- 
water bed at the top of the formation on Cow Creek. 

GONIOBASIS 8UBUEVIS Meek* and Hayden. 

Goniobasi* mblieria Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 567, PI. XLII, 
figs. 5«, 56. 

Types from the fresh water beds near the mouth of Judith River. 
Common on Cow Creek and Willow Creek, and along Milk River 
from Havre, Mont., to the Canadian boundary. 

GONIOBASIS INVENU8TA Meek and Hayden. 

Goniobam invenusht Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 564, PI. XLII, 
figs. 1«-1 e. 

Occurs with the preceding and is somewhat more abundant, being 
found at most localities where fresh-water fossils occur in the Judith 
River beds, as far north as Pendant d'Oreille, Assiniboia, 

GONIOBASIS OHACILENTA Meek. 

Goniobasis gracilenta. Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 568, text 
fig. 74, and PI. XLII, fig. 3. 

This species was found at the mouth of Judith River. It has also 
been reported froni the Laramie at a number of localities in Wyoming 
and Colorado, but the state of preservation of all these specimens, as 
well as of the types, is such that their specific identity is doubtful. 

GONIOBASIS 1 OMITTA Meek and Hayden. 

Goniobasis? omitla Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 568, PI. XLII, 
figs. 4rt-4c. 

Mouth of Judith River. 
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GONIOBASIS 1 8UBT0RTU0SA Meek and Hayden. 

Goniobasui t subtoHuosa Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 569, text 
figs. 75, 76, and PI. XLII, figs. 17a, 176. 

Described from near the mouth of Judith River, this is one of 
the most characteristic of the fresh- water species found in the forma- 
tion. It has been collected at man}' localities in the original area, and 
along Milk River above Havre, Mont. Whiteaves reports it also from 
the South Saskatchewan, Bow, and Belly rivers in Alberta. 

G0NI0BA8I8 JTJDITHEN8IS n, sp. 

PI. XIII, fig. 4. 

Shell of moderate size, stout, consisting of seven or eight very con- 
vex whorls; aperture very slightly produced below; surface marked 
by narrow, sharply elevated revolving lines, of which four to six are 
visible on the spire, separated by broader, flat bands which bear numer- 
ous minute revolving striae, and crossed by very fine growth lines. 

Height of an average specimen, 22 mm. ; breadth, 13 mm. 

This species is probably the ancestor of Goniobasis tenuicarinata 
M. & H., from which it differs in being larger, with more robust form, 
and with more narrow, more evenly distributed, and somewhat less 
prominent revolving lines or ridges. 

It is common in the fresh- water beds of the Judith River on Dog 
Creek and at other localities near Judith, Mont., on Cow Creek, 
and on Milk River from Havre to the Canadian boundary. The fig- 
ured specimen is from Simpson's ranch, on Milk River about 10 miles 
south of the boundary. 

RHYT0PH0RU8 ? OLABER Whiteaves. 

Rhytophoms? giaber Whiteaves, 1885, Cont. Canadian Palaeont, vol. 1, p. 69, PI. X, 
figs. 4, 4a-4c. 

This peculiar little species, originally reported from a number of 
widely distributed points in Alberta and Assiniboia, we collected only 
from the brackish layers near the base of the formation on Milk River 
in the neighborhood of Pendant d'Oreille, Assiniboia. 

HELIX VETU8TA Meek and Hayden. 

Helix relusta Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 552, PI. XLII, figs. 
7a, 76. 

Mouth of Judith River. 

HTALINA1 EVAN 8 1 Meek and Hayden. 

Hyalinat emnsi Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 548, text figs. 68-70. 

Mouth of Judith River; also in our collections from Cow Creek 
and at various points on Milk River from Havre to the Canadian 
boundary. 
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HTALINA1 OCCIDENTALS Meek and Hayden. 

Hyalinat orcidentalis Meek, 1876, Kept. U. S. Geol. Surv. Terr., vol. 9, p. 547, PI. 
XLII, lifjH. tkMW. 

Somewhat more common than the preceding species and with the 
same geographic distribution. 

THAUMASTU8 LIKKSIFORMIS Meek and Hayden. 

ThanmastuM limnsrifonni* Meek, 1871$, Kept. V. S. Geol. Surv. Terr., vol. », p. 553, 

PI. XLIV, tigs, toi-tol. 
Thaumaxtm liwmviformi* Whiteaven, 1885, Cont. CiinaWian Paheont., vol. 1, p. 72. 

Originally described from I^aramie or Fort Union beds near the 
mouth of the Yellowstone, and, so far as known, does not occur in 
lower horizons in the United States. Whiteaves reports the species 
from both the Laramie and the Judith River in Canada. 

VITRINA1 OBLIQUA Meek and Hayden. 

Vitrina? ohliqna Meek, 1870, Kept. II. S. (ieol. Surv. Terr., vol. t), p. 545, PI. XLII, 
figs. Mkt, li)b. 

Mouth of Judith River. 

PLANORBIS ( BATHT0MFHALU8 ) AMPLE XUS Meek and Hayden. 

Planorbis (Bttthyomphalux) amplexus Meek, 1870, Rept U. S. Geol. Surv. Terr., vol. 
9, p. 539, PI. XLII, figs. ltia-16tf. 

Near mouth of Judith River. Represented in our collections from 
the same region and also from Cow Creek and on Milk River near 
Havre. 

PLANORBIS PATJCIVOLVIS Whiteaves. 

Plamrrbis paucivolvh Whiteavea, 1885, Cont. Canadian PaUeont. vol. 1, p. 71, PI. X, 
fig. 5. 

From Judith River localities on Belly River and South Saskatche- 
wan, Alberta. 

PHY8A COPEI White. 

Phym copei White, 1883, Third Ann. Rept, IT. S. Geol. Survey, p. 450, PI. XXV, 
* figs. 1, 2. 

Described from Judith River beds near Cow Island, Montana. The 
species is represented in our collections from Cow Creek, Dog Creek, 
and from several localities on Milk River from Havre to the Canadian 
boundary. Whiteaves reports it from many localities in both the 
Judith River and the Laramie of Alberta. 

BULINTJB SUBELONGATUS Meek and Hayden. 

BuHnu* mbe/oiiijittus Meek, 1876, Rept. U. 8. Geol. Surv. Terr., vol. 9, p. 540, PI. 
XLII, ligs. 13a, 13/,. 

Mouth of Judith River. 
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BULINUS ATAVTI8 White. 

Bidinu* ntnniH White, 1883, Third Ann. Kept. U. S. (iool. Survey, p. 450, PI. XXV, 
tip*. <>, 7. 

Described from Dog Creek, Montana. Found also sparingly on 
Milk River near Havre. 

CEPHALOPODA. 
PLACENTICERAS sp. 

Some fragments of a Phwenticerax were seen in the marine stratum 
150 feet below the top of the Judith River beds on Cow Creek 7 miles 
above its mouth. Like the other purely marine fossils found here, 
this ammonite does not really belong to the Judith River fauna, but as 
it occurs within the stratigraphic limits of the formation it is worthy 
of mention. 

INSECT A. 

Associated with the plants collected on Willow Creek 10 miles north 
of Musselshell post-office a single wing of an insect was found which 
has been identilied by the entomologists of the United States National 
Museum as belonging to a cockroach. 

GENERAL, COMMENTS ON THE INVERTEBRATE FAUNA. 

The species enumerated in the above list fall into the three general 
categories of marine, brackish-water, and fresh-water forms, the latter 
including a few more or less doubtful land shells. 

As the Judith River is essentially a nonmarine formation, strictly 
speaking its fauna should not be made to include the species cited 
belonging to Avwula, Crmdla, Nucula, Ledu, Tellina, LiopUtha, 
Mactra, Lunatia, and Plaeenttcerax, which were brought into the Judith 
River area b}' a local, temporary invasion of pure marine waters. In 
our field studies we saw only one occurrence of this kind, and that 
was on Cow Creek, Montana, where, as already described, the evidence 
seems clear that the marine beds are on the same horizon and strictly 
contemporaneous with fresh- and brackish-water beds in the same 
neighborhood. There is no mixture of nonmarine with the marine 
invertebrates, but in an overlying stratum marine and land vertebrates 
are found commingled. The marine invertebrates found here belong 
to the faunas of the underlying and overlying formations. 

The few marine fossils reported by Whiteaves from the Judith 
River beds in Canada may indicate a similar occurrence there, or pos- 
sibly there has been an error in identifying the formation from which 
they came. With these exceptions no strictly marine fossils are 
known from the main mass of the Judith River beds, but at the base 
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and the top there is ample evidence of continuity with the underly- 
ing and overlying marine formations. In many cases the lithologic 
change is not exactly coincident with the faunal change, so that the 
topmost layers containing the Claggett fauna and the lowest beds con- 
taining the Bearpaw fauna often closely resemble the Judith River 
beds in lithologic features. 

The brackish- water fauna has a wide geographic distribution, occur- 
ring in practically every area in which the Judith River formation is 
found, but it is confined to thin beds intercalated in the upper and 
lower portions of the formation. On Milk River near Pendant 
d'Oreille, southern Assiniboia, these layers with brackish- water shells 
are unusually well developed near the base of the formation, and there 
are several intercalated bands extending up al>out 100 feet above the 
base. The individual beds are usually not more than 1 or 2 feet in 
thickness and the intervening strata contain fresh-water invertebrates. 
Farther south, near Havre, and in the area along the Missouri, brackish- 
water bands are seldom found in the lower part of the formation, but 
in the upper 25 feet there is a very persistent oyster bed, varying in 
thickness from 1 to 4 feet, closely associated with a heavy bed of lig- 
nite. In some places there are two or three of these brackish-water 
beds close together near the top of the formation. According to the 
Canadian reports, an oyster bed occurs at about this horizon in many 
places in Alberta. 

The following species are confined to the brackish-water layers: 

Sped 68 confined to brackish-^vaier layers of Judith River formation 

Ostrea eubtrigonalis. 
Ostrea glabra. 
Mytilus sp. 
Modiola sp. 

Anomia gryphorhynchus. 
Corbicula oceidentalis. 
Corbicula cytheriformis. 
Corbula subtrigonalis. 

The species of Corbula, Corbicula, and a few of the others apparently 
ranged into nearly fresh waters, as they are sometimes found associated 
in the same layer with abundant specimens of Unto and Campeloma, 
while the oyster beds represent more nearly marine conditions which 
did not permit the mingling of purely fresh-water forms. The three 
forms of gasteropods in this list, doubtfully referred to Melania and 
Gomobaxh, occur in the oyster beds. It is noteworthy that the Lara- 
mie species, Mi lan ia ? wyoTningensis and M.f in.sculpta, also occur 
with brackish- water fossils, and the former has been found with marine 
associates in the upper layers of the Fox Hills. 

By far the most abundant of the brackish -water forms is Ostrea suh- 
trigonalis, which could probably furnish more individual specimens 



Corbula perundata. 

Panopsea simulatrix. 

Rhytophorus glaber. 

Neritina Bp. 

Melania? whiteavesi. 

Goniobasis convexa. 

Goniobasis convexa var. irapressa. 
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than all the rest of the Judith River fauna together. Next to it in 
abundance are the species of Corbida, Corbicxda, and Anornia, but their 
distribution is much more local and irregular. Ostrea glabra aud a 
variety intermediate between it and O. svbtrigonalw are locally 
abundant, but the differences between these oysters are chiefly in the 
size, and the relationship between the different forms seems to be 
analogous to that between the local and commercial varieties of Ostrea 
virgin lea. 

The five forms of Gasteropoda enumerated in our brackish-water 
list all appear to be confined to the Judith River beds, and the brackish- 
water faunule as a whole has a distinctive facies that is not exactly 
duplicated elsewhere, and yet when the comparison is made species 
by species almost all the other forms are represented in the Laramie 
by similar if not identical species, and some of them are represented 
in other formations as low as the Colorado group. In fact, they are 
persistent types that range throughout the Upper Cretaceous, and 
forms similar to some of them exist in the present seas. It is obvious 
that such species can not be safely used singly in correlating over 
great distances, but within limited areas, when comparison is made with 
an entire assemblage of forms and checked by stratigraphic observa- 
tions, their evidence is often to be depended upon, and is as convinc- 
ing as any other paleontologic evidence. When full collections 
are compared it will usually be easy to distinguish between Judith 
River and Laramie from the brackish-water fossils alone, but if the 
collections are meager and fragmentary it may not be practicable to 
do so. This remark is based on experience with the two faunas in the 
United States. Comparing the oysters, in the Laramie the large 
Ostrea glabra is the common form, while in the Judith River O. mb- 
trigonalis is by far the most abundant and most widely distributed. 
Corbicula also has a different development in the Laramie, the type 
represented by C. occidental^ and C. cytlieriformis being compara- 
tively rare, while there are many other species that are much more 
abundant. In Canada the lists of brackish-water fossils from the 
" Western Laramie," as given by Whiteaves, include practically all 
of the Judith River forms, and indicate that the two faunules are 
indistinguishable. On examining the descriptions of the localities at 
which these fossils were collected it is found that in the majority of 
cases the strata have steep dips* or show other evidence of much dis- 
turbance, suggesting the possibility that the fossils in question may 
have really come from the Judith River instead of the Laramie. 
Another explanation, which is perhaps as reasonable, is that the Judith 
River brackish-water Mollusca really persisted in the far northwest to 
Laramie time as a continuous and practically unchanged faunule, while 
in the United States the break in continuity and resultant necessary 
migrations caused greater modification. 
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After removing from our list of species the few sporadic marine 
forms and those that are confined to the brackish- water bands in the 
upper and lower portions of the formation, there still remains a much 
larger number of fresh-water and land species of Mollusc*. These 
characterize probably more than nine-tenths of the total thickness of 
the formation, though of course they are not uniformly distributed 
through it. Mention has already been made of the fact that Umm 
and other fresh-water shells are occasionally found in actual associa- 
tion with brackish-water species such as Corbtda, Neritina, and 
thrhwula, but as a rule they are in distinct beds, even in the upper 
and lower parts of the formation, while the middle 300 or 400 feet 
contain none but fresh- water and land Mollusca, associated with 
vertebrates of similar habitat. 

A considerable number of the fresh -water and land species are not 
found outside of the formation. A few apparently occur in the Lara- 
mie also, and others are represented in the Laramie by similar forms 
that are doubtless their direct descendants. Taken as a whole, the 
Judith River fauna is distinguished from that of the Laramie by the 
presence of many characteristic species that do not occur in the higher 
formation and by the absence of many of the most common and 
striking of the Laramie forms. 

This difference is sufficiently conspicuous to have been recognized by 
all paleontologists who have studied the faunas, even when the forma- 
tions were supposed to be nearly or quite contemporaneous. 

In the systematic list, under the specin'c headings mention has been 
made of the fact that certain Judith River fresh-water species appar- 
ently recur in the Laramie and that others are represented there by 
forms so similar that they may be considered their direct descendants. 
We may cite as conspicuous examples of the first class TJnio danae, 
U.priscw, U. cryptorhynchm, and Goniobasw graciUn ta, and of the sec- 
ond class II. sujjenawetiMx, /Splueriumplanum, Catnpelomavetula, Gonio- 
bamsjudithenxk, and Physa copei These, however, form a compara- 
tively small proportion of the fauna, and there is a much larger list of 
forms that have not been recognized outside of the Judith River beds, and 
at least one form, Goniobanw? subU/rtuosa, conspicuous on account of 
its peculiar specific characters and wide distribution, has no near rela- 
tive in the Laramie. On the other hand, there is an absence of many 
of the peculiar types of Unio and of such conspicuous forms as Vivi- 
parity trochiforniiif and Tulotoma thmnpsoni^ common in the Laramie. 

Taken as a whole, the fresh-water faunas of the Judith River and 
the Laramie are somewhat more distinct than the brackish -water 
faunas of the same formations, and with fairly complete collections it 
should not be difficult to distinguish them in the laboratory. 

From the facts that have been stated concerning the distribution of 
the different kinds of invertebrates within the Judith River beds, we 
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may reach some conclusions as to the conditions under which the 
deposits were found, for these animals were inhabitants of the waters 
in which the sediments were laid down, and they give clear testimony 
concerning the character of the waters and their relations with the sea. 
It is evident that after the deposition of the Claggett formation a con- 
siderable area in north central Montana and in Alberta and Assiniboia 
emerged from the sea and became the habitat of land and fresh-water 
animals. Since there was no obvious break in the sedimentation, it is 
probable that the larger part of the area was covered by low-lying 
swamps and lagoons. For some time there were slight oscillations that 
occasionally for brief intervals brought large parts of the area down to 
sea level and gave the lagoons sufficient connection with the ocean to allow 
the growth of oysters and other brackish-water forms over areas that 
had been occupied by fresh waters. Then for a longer period, during 
which 800 or 400 feet of sediments were formed, there was no connec- 
tion with marine waters, though it is not probable that the area was 
ever very many feet above tide. During this epoch the general 
upward movement was reversed, and when the subsidence progressed 
more rapidly than deposition connection with the sea was soon again 
established, bringing in, first, brackish waters with their oyster beds, 
over nearly the entire area, with probably local bays and straits hav- 
ing more open and direct oceanic connections, such as is indicated by 
the occurrence of marine fossils in the .Judith River on Cow Creek. 
Finally marine conditions were fully established over the entire area, 
so far as known, and continued during the deposition of the Bearpaw 
shales. 
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